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SELECTIVE KINASE INHIBITORS 

FIELD OF THE INVENTION 

The present invention relates to the field of inhibitors of protein tyrosine kinases in 
particular the JAK family of protein tyrosine kinases. 

BACKGROUND OF THE INVENTION 

5 Protein kinases are a family of enzymes that catalyse the phosphorylation of specific 
residues in proteins. In general protein kinases fell into several groups; those which 
preferentially phosphoryLate serine and/or threonine residues, those which preferentially 
phosphorylate tyrosine residues and those which phosphorylate both tyrosine and 
Ser/Thr residues. Protein kinases are therefore key elements in signal transduction 
10 pathways responsible for transducing extracellular signals, including the action of 

cytokines on their receptors, to the nuclei, triggering various biological events. The many 
roles of protein kinases in normal cell physiology include cell cycle control and cell 
growth, differentiation, apoptosis, cell mobility and mitogenesis. 

Protein kinases include, for example, but arc not limited to, members of the Protein 

15 Tyrosine Kinase family (PTKs), which in turn can be divided into the cy toptasmic PTKs 
and the receptor PTKs (RTKs). The cytoplasmic PTKS include the SRC family, (including: 
BLK; PGR; FYN; HCK; T.CK; LYM; SRQYES and YRK); the BRK Family (including: BRK; 
FRK, SAD; and SRM); the CSK family (including: CSK and CTK); the BTK family, 
(including BTK; 1TK; TEC; MKK2 and 1XK), the Janus kinase family, (including: JAKT, 

20 JAK2, JAK3 and Tyk2), the FAK family (including, FAK and PYK2); the Fes family 

(including FES and PER), the ZAP70 family (including ZAP70 and SYK); the ACK family 
(including ACK1 and ACK2); and the Abl family (incluchrig ABL and ARG). The RTK 
family includes the EGF-Receptor family (including, EGFR, HEK2, HER3 and HER4); the 
Insulin Receptor family (including INS-R and IGF1-R ); the PDGF-Receptor family 

25 (including PDGFRa, PDGFRp, CSF1R, KIT, FLK2 ); the VEGF-Receptor family 

(including; FLT1, FLK1 and FLT4); the FCF-Reccptor famUy (including FGFR1, FCFR2, 
FGFR3 and FCFR4 ); the CCK4 family (including CCK4); the MET family (including 
MET and RON); the TRK family (including TRKA, TRKB, and TRKC ); the AXL family 
(including AXL, MER, and SKY); the TTE/TEK family (including TIE and TTE2/TEK); the 

30 EPH family (including EPHA1, EPHA2 / EPH A3, EPHA4, EPHA5, EPtiA6, EPHA7, 
EPHA8, EPHB1, EFHB2, EPIIB3, EPHB4, EPHB5, EPHB6); the RYK family (including 
RYK); the MCK family (including MGK and TYRO10); the ROS family (including ROS); 
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the RET family (including RET); the LTK family (including LTK and ALK); the ROR 
family (including ROR1 and ROR2); The Musk family (including Musk); the LMR family 
including LMR1, LMR2 and T-MR3); and the SuRTK106 family (including SuRTK106), 

Similarly, the serine /threonine specific kinases comprise a number of distinct sub* 
5 families, including; the extracellular signal regulated kinases, (p42/ERK2 and p44/ERKI); 
c-Jun NH2-terminal kinase (JNK); cAMP-responsivc clement-binding protein kinases 
(CREBK); c AMP-dependent kinase (CAPK); mitogen-activated protein kinaSe-activated 
protein kinase (MAPK and its relatives); stress-activated protein kinase p38/SAPK2; 
mitogen-and stress-activated kinase (MSK); protein kinases, PKA, PKB and PKC inter alia. 

10 Additionally, the genomes of a number of pathogenic organisms possess genes encoding 
protein kinases. For example, the malarial parasite Plasmodium fatdparum and viruses 
such as HPV and Hepatitis viruses appear to bear kinase related genes. 

• 

Inappropriately high protein kinase activity has been implicated in many diseases 
. resulting from abnormal cellular function. This might arise either directly or mdirectly, 

15 for example by failure of the proper control mechanisms for the kinase, related for 

example to mutation, over-expression or inappropriate activation of the enzyme; or by 
over- or under-production of cytokines or growth factors also participating in the 
transduction of signals upstream or downstream of the kinase. Tn all of these instances, 
selective inhibition of the action of the kinase might be expected to have a beneficial effect. 

20 Diseases where aberrant kinase activity has been implicated include: diabetes; restenosis; 
atherosclerosis; fibrosis of the liver and kidney; ocular diseases; myelo- and 
lymphoproliferative disorders; cancer such as prostate cancer, colon cancer, breast cancer, 
head and neck cancer, leukemia and lymphoma; and, auto-immune diseases such as 
Atopic Dermatitis, Asthma, rheumatoid arthritis, Crohn's disease/ psoriasis, Crouzon 

25 syndrome, achondroplasia, and thanatophoric dysplasia. 

The JAK family of protein tyrosine kinases (FTKs) play a central role in the cytokine 
dependent regulation of the proliferation and end function of several important cell types 
of the immune system. 

A direct comparison of the four currently known marnmalian JAK family members 
30 reveals the presence of seven highly conserved domains (Harpur et al, 1992). Tn seeking a 
nomenclature for the highly conserved domains characteristic of this family of PTKs, the 
classification used was guided by the approach of Pawson and co-workers (Sadowski et 
al, 1986) in their treatment of the SRC homology (SH) domains. The domains have been 
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enumerated accordingly vvith most C-termtnal homology domain designated J AK 
Homology domain 1 (JH1). The next domain N-tcnninal to JH1 is the kinase-related 
domain, designated here as the JH2 domain. Each domain is then enumerated up to the 
JH7 located at the N-terminus. The high degree of conservation of these JAK homology 
5 (JH) domains suggests that they are each Hkely to play an important role in the cellular 
processes in which these proteins operate. However, the boundaries of the JAK 
homology domains are arbitrary, and may or may not define functional domains. 
Nonetheless, their delineation is a useful device to aid the consideration of the overall 
structural similarity of this class of proteins. 

10 Tine feature most characteristic of the JAK family of FIKs is the possession of two kinase- 
related domains (JH1 and JH2) (Wilks et al, 1991). The putative PTK domain of JAK1 
(JH1) contains highly conserved motifs typical of PTK domains, including the presence of 
a tyrosine residue at position 1022 located 11 residues C-terminal to sub-domain VTI that 
is considered diagnostic of membership of the tyrosinc-spccific class of protein kinases 

15 Alignment of the human JAK1 PTK domain (255 amino acids)/ with other members of the 
PTK class of proteins revealed homology with other functional PTKs (for example, 28% 
identity with c-fes (Wilks and Kurban, 198o*). and 37% homology to TRK <Kozma et al, 
1988)). The JH1 domains of each of the JAK family members possess an interesting 
idiosyncrasy within the highly conserved sub-domain VTTT motif (residues 1015 to 1027 in 

20 JAK2) that is believed to lie close to the active site, and define substrate specificity. The 
phenylalanine and tyrosine residues flanking the conserved tryptophan in this motif are 
unique to the JAK family of PTKs. Aside from this element, the J HI domains of each of 
the members of the JAK family are typical PTK domains. Furthermore, there is high 
sequence identity in the JAK family particularly in and around the ATP binding site 

25 (Figure 1). 

The central role played by the JAK family of protein tyrosine kinases in the cytokine 
dependent regulation of the proliferation and end function of several important cell types 
means that agents which inhibit JAK are useful in the prevention and chemotherapy of 
disease states dependent on these enzymes. Potent and specific inhibitors of each of the 

30 currently known four JAK family members will provide a means of inhibiting the action 
of those cytokines that drive immune pathologies, such as asthma and as 
immunosuppressive agents for, amongst others, organ transplants, lupus, multiple, 
sclerosis, rheumatoid arthritis, psoriasis, Type 1 diabetes and computations from diabetes, 
cancer, atopic dermatitis, autoimmune thyroid disorders, ulcerative colitis, Crohn's 

35 disease, Alzheimer's disease, and leukemia/lymphoma. 
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The JAK/STAT Pathway 

The delineation of a particularly elegant signal transduction pathway downstream of the 
non-protein tyrosine kinase cytokine receptors has recently been achieved. In this 
pathway the key components are: (i) A cytokine receptor chain .(or chains) such as the 
5 Interleukin-4 receptor or the Interferon 7 receptor; (ii) a member (or members) of the JAK 
family of PTKs; <iti) a member(s) of the STAT family of transcription factors, and (iv) a 
sequence specific DNA etement to which the activated STAT will bind, 

A review of the JAK/STAT literature offers strong support to the notion that this pathway 
is important for the recruitment and marshalling of the host immune response to 

10 environmental insults, such as viral and bacterial infection. This is well exemplified in 
Table 1 and Table 2, Information accumulated from gene knock-out experiments have 
underlined the importance of members of the JAK family to the intracellular signalling 
triggered by a number of important immune regulatory cytokines. The therapeutic 
possibilities stemming from inhibiting (or enhancing) the JAK/STAT pathway are thus 

15 largely in the sphere of immune modulation, and as such are likely to be promising drugs 
for the treatment of a range of pathologies in this area. Ln addition to the diseases listed in 
Tables 1 and 2, inhibitors of jAKs could be used as immunosuppresive agents for organ 
transplants and autoimmune diseases such as lupus, multiple sclerosis, rheumatoid 
arthritis, Type I diabetes, autoimmune thyroid disorders, Alzheimer's disease and other 

20 autoimmune diseases. Additionally/ treatment of cancers such as prostate cancer by JAK 
inhibitors is indicated. 
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Table 1 - Activation of the J AK/STAT pathway In various pathologies 



Disease Type 


Cell Types 
Involved 


w 

m 

Characteristics 


• 

• 

Allergic As thma 

Atopic Dermatitis (Eczema) 

Allergic Rhinitis 


(Mast Cells 
(Eosinophils 

• 

(T-Cells 
(B-Cells 


T-cell activation of B-cells 
followed by IgE mediated 
activation of resident Mast 
cells and Eosinophils 


CeJI Mediated Hypersensitivity 
Allergic Contact Dermatitis 
Hypersensitivity Pneumonitis 


(T-celis 
<B-cells 


* 

T-cell hypersensitivity 


JVteamatfc Diseases 
(SLE) 

Rheumatoid Arthritis 
Juvenile Arthritis 
Sjogren's Syndrome 
Scleroderma 
Polymyositis 
Ankylosing Spondylitis . 
Psoriatic Arthritis 


• 

(Monocytes 

(Macrophages 

(Neutrophils 

(Mast Cells 

(Eosinophils 

(T-CHIs 

(R-Cells 


r 

f 

Cytokine Production 
(e.gTNF, IL-1, CSF-1, CM- 
CSF) 

T-cell Activation 
JAK/STAT activation 

* 


Trauspia/itatio/i 
Transplant rejection 


T-Cells & B-Cells 


4 

JAK/STAT Activation 
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Table 1 (cont.) 



Disease Type 


Cell Types 
Involved 


j i 

Characteristics 


Graft versus Host Disease 


T-Cells & B-Cells 


JAK/5TAT Activation j 


Viral Diseases 






Epstein Barr Virus (EB V) 


Lymphocytes 


JAK/STAT Activation 


Hepatitis B 


Hepatocytes 


JAK/STAT Activation 


Hepatitis C 


Hepatocytes 


JAK/STAT Inhibition 


HIV 
HTLV1 

Varicella-Zoster Virus (VZV) 
Human Papilloma Virus (HPV) 


Lymphocytes 
L^hocjrtes 

Fibroblasts 
Epithelial cells 


JAK/STAT Activation 
JAK/STAT Activation 
JAK/STAT Inhibition 
JAK/STAT Inhibition | 


Cancer 






Leukemia 


* 

Leucocytes 


(Cytokine production 


Lymphoma 


Lymphocytes 


(JAK/STAT Activation | 
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Table 2; Diseases Potentially Treatable By JAK-Based Drug Therapies 



Target Disease 


Cytokine 


J AK family 
member 


Strength of 
Association 


Asthma 


IL-4 & IL-9 


JAK1 &JAK3 


+4-+ 


■ 


TEX13 


JAK1 & JAK2 


"i 1 I'H" 


■ 


. IL-5 


JAK2 




Eczema 


IL-4 


JAK1 &JAK3 


+++ 




TFN-a 


JAK1 & JAK2 


+++ 


Food Allergy 


TL-4 


JAK1 & JAK3 


+++ 


Inflammatoty Bowei 
Disease & Crohn's 
Disease 


IL-4 


JAK1 &: JAK3 


+++ 


Leukaemia And 
Lymphoma 


(1L-2) 


JAK3, JAK1 
&JAK2 


+++ 


Transplantation 








£-Ce/f Maturation 


IL-4 


JAK1&JAK3 


+++ 


T-Ce// P/vS/fen/f/M 


TL-2 


JAK1&JAK3 


+++ 


Cutaneous 
Inflammation 


CM-CSF & IL-6 


JAK i & JAK2 


+++ 
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Table 2 (cotit.) 



Target Disease 



Immune Suppression 
By Solid Tumour 



Prostate Cancer 



Cytokine 



IL-10 



IL-6 



J AK family 
member 



JAK1& 
TYK2 



JAK1JAK2 
&Tyk2 



Strength of 
Association 



+++ 



+++ 



Jak 3 Signalling 

Although the other members of the Jak family arc expressed by essentially all tissues, 
5 J AK3 expression appears to be limited to hematopoetic cells. This is consistent with its 
essential role in signaling through the receptors for 1L-2, IL4, IL-7, IL-9 and IL-15 by non- 
covalent association of JAK3 with the gamma chain common to these multichain 
receptors. Males with X-linked severe combined immunodeficiency (XSCLD) have defects 
in the common cytokine receptor gamma chain (gamma c) gene that encodes a shored, 

10 essential component of the receptors of interleoikin-2 (IT -2), rL-4, TL-7, and 1L-15; An 
XSCID syndrome in which patients with either mutated or severely reduced levels of 
JAK3 protein has been identified, suggesting that immunosuppression should result from 
blocking signalling through the f AK3 pathway. Gene Knock out studies in mice have 
suggested that JAK3 not only plays a critical role in B arid T lymphocyte maturation, but 

15 that JAK3 is constitutiveiy required to maintain T cell function. Taken together with the 
biochemical evidence for the involvement of JAK3 in signalling events downstream of the 
IL~2 and IL-4 receptor, these human and mouse mutation studies suggest that modulation 
of immune activity through the inhibiton of JAK3 could prove useful in the treatment of 
T- cell and. B-cell proliferative disorders such as transplant rejection and autoimmune 

20 diseases. 

Prolonged immunomodulation through inhibition of JAK3 signalling should have great 
therapeutic potential as long as JAK3 inhibition was achieved selectively and not 
accompanied by inhibition of other kinase-dependent signalling processes. In particular, 
the high degree of sequence identity held in common by members of the JAK family of 
25 kinases raises the possibility that a compound which inhibits Jak3 would also inhibit other 
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members of the family with detrimental long term consequences. For example, prolonged 
inhibition of Jak2 is likely to lead to erythropenia and thrombocytopenia/ since the 
receptors for both erythropoietin and thrombopoietin use only JAK2 for intracellular 
transmission of signals, 

5 Selective and Irreversible Inhibition 

A PTK catalyses the transfer of a phosphate group from a molecule of ATP to a tyrosine 
residue located on a protein substrate. The inhibitors known in the art are usually 
competitive with either the ATP or the protein substrate of the kinase (I-eviteki 200(1). 
Since the concentration of ATP In a cell is normally very high (inillimolar), compounds 
10 that are competitive with ATP may lack in vivo activity since it is unlikely that said 

compounds can reach the concentrations within the cell that are necessary to displace the 
ATP from its binding site. 

An alternative approach which has been attempted in relation to EGFR is to design or 
select compounds which-bind to EGFR TK in an irreversible manner. Such compounds 

15 are disclosed in Fry 1 998; EHscafani 1999; Smaill 1999; Smaill 2000; Tsou 2001; Smaill 2001; 
Wissner 2003. These compounds function as irreversible inhibitors by virtue of the fact 
that they can form covalent bonds to amino acid residues located at the active site of the 
enzyme which results in enhanced potency of the compounds in vitro and in the 
inhibition of growth of human tumors in in vivo models of cancer. A further benefit of 

20 such irreversible Inhibitors when compared to reversible inhibitors, is that irreversible 

inhibitors can be used in prolonged suppression of the tyrosine kinase, limited only by die 
normal rate of receptor turnover. 

The high homology between members of the J AK family of kinases makes the design of 
compounds with acceptable selectivity highly challenging. It is believed that by 

25 exploiting the minor differences in the amino acid sequence between the members of this 
family may allow for the identification of selective inhibitors. Alignment of the four 
members of the JAK family of protein tyrosine kinases reveals that within the amino acids 
that comprise the ATP-binding pocket of these kinases there are very few amino acid 
differences that could be used to target potential inhibitors towards one family member or 

30 another, mteresbngly, JAK3 alone amongst this sub-family of kinases possesses a 

Cysteine residue close to the fent lip of the ATP-binding cavity. It was hypothesised that 
this may provide a means to develop highly specific irreversible JAK3 inhibitors (Figure 
2), by targeting this Cysteine with a functionality bearing an alkylating group such as a 
Michael acceptor. 
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SUMMARY OF THE INVENTION 

The present inventors have found that a group of compounds based upon a disubstttuted 
heterocyclic scaffold which include an alkylating group such as a Michael acceptor are 
irreversible and selective inhibitors of the enzyme Janus Kinase 3 and as will find 
5 applications in therapy as ^immunosuppressive agents for organ transplants, lupus, 

multiple sclerosis, rheumatoid arthritis, psoriasis, Type I diabetes and complications from 
diabetes, asthma, atopic dermatitis, autoimmune thyroid disorders, ulcerative colitis, 
Crohn's disease, and other indications where immunosuppression would be desirable. 
Furthermore, it is believed that these compounds may find application in therapeutic 
10 treatments for proliferative diseases and cancers such as Leukemia and Lymphoma where 
JAK3 is hyperactivated and in diseases such as Alzheimer's disease. 

Accordingly, in a first aspect the present invention provides a compound of the general 
formula 1 



15 




or pharmaceutical^, acceptable prodrugs, salts, hydrates, solvates, crystal forms or 
dtastereomers thereof, wherein: 

Xi, Xs, X 3 , X4 are each carbon where one is substituted with Z and the rest 
20 independently with Y; or one of X w Xz, X4 is N, and the others are carbon where 

one carbon is substituted with Z and the rest independently with Y; 

A is a ring selected from: 




P Q O U O 
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where D is selected from H, alkyl, halogen, amino; 

Q is a bond, halogen, alkyl, O, S, SO, SOj, CO, CS; 

> 

W is: 

* 

• 

(i) NR1R2 where Rl and R2 are independently H, Ci* alkyl, C1-4 alkylCF 3 , aryl, . 
5 hetaryl, C1-4 alkylaryl, Cw alkylhetaryl, Qv* cycloalkyl, C 2 ^ atkenyl, 

cyclohetalkyl, C M alkylcycloalkyl, C w alkyl cyclohetalkyl, or Rl and R2 are 
joined to form an optionally substituted 3-8 mcmbcred ring optionally 
containing an atom selected from O, S, MK3; and K3 is selected from H, C w 
alkyl^ aryl, hetaryl, alkyl aryl, alkyl hetaryl, COR4 where R4 is 
10 selected from H, C7.4 alkyl, aryl, hetaryl; 

OR 

(ii) H, C x ^ alkyl, aryl, hetaryl, Q„ cycloalkyl, cyclohetalkyl, C,^ alkylaryl, C1.4 
alkylhetaryl, C M cycloalkyl, alkylcycloalkyl, Q. 4 alkyl cyclohetalkyl; 

Vis H, halogen, CN, CF3, nitro, OH, alkyl, alkylNR5R6, C w alkylhetaryl 
OC w alkyl, OC 2 ^ alkylOCwalkyl, OC M alkylNR5R6, OQ.4 alkylhetaryl, OC w 
alkykyclohetalkyl, SC^ alkyl, SC 2 ^ alkylOC^alkyl, SQ_4 alkylNR5R6, NR5K6, 
NR5COR6, NK5S0 2 R6; and R3 and R6 are each independently H, alkyl, or may 
be joined to form an optionally substituted 3-6 mernbered ring optionally 
containing an atom selected from O, S, NR7 and R7i$ selected from H, Cm alkyl, 
aryl, hetaryl, C w alkylaryl, C w alkylhetaryl; 

Z is selected from : 



15 



20 
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where R8 Is selected from H, C1-4 alkyl; 

R9 and RIO are independently selected from H, alkyl, Ci^ alkylNR12Rl3, 
Cm alkylOR12, Cm alkylhetaryl or may be joined to form a 5-6 membered 
5 ring optionally containing an atom selected from O, S / SO, SO*, NR14; 

Rll is selected from OH, OC w alleys NR12R13; 

where R12 and R13 arc independently selected from H, Cm alkyl/ or may be 
joined to form an optionally substituted 3-8 membered ring optionally 
1 0 containing an atom selected from O, S, NR14; and R14 is selected from H, Cm 

alkyl. 

In a second aspect the present invention consists in a composition comprising a carrier 
and at least one compound of the first aspect of the invention. 

In a third aspect the present invention consists in a method of treating a tyrosine kinase- 
15 associated disease state, the method comprising administering a therapeutically effective 
amount of at least one compound of the first aspect of the invention or a therapeutically 
effective amount of a composition of the second aspect of the invention. 

In a further aspect the present invention provides the use of the compounds of the first 
aspect or the compositions of the second aspect in the preparation of medicaments for the 
20 treatment of JAK3-associated disease states. 
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In a yet further aspect, the present invention provides for a method of suppressing the 
immune system of a subject, the method comprising administering a therapeutically 
effective amount of at least one compound of tbe.first aspect of the invention or a 
therapeutically effective amount of a composition of the second aspect of the invention, 

5 BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 shows the amino acid sequence alignment of selected Jak Kinases 

Figure 2 shows a model of the Jak3 kinase ATP binding pocket displaying the Cysteine 
residue. 

DETAILED DESCRIPTION OF THE [INVENTION 

10 Accordingly, in a first aspect the present invention provides a compound of the general 
formula T 




I 

15 or pharmaceutical^ acceptable prodrugs, salts, hydrates, solvates, crystal forms or 
diastereomers thereof wherein: 

Xi, X2, X3, X* are each carbon where one is substituted with Z and the rest 
independently with Y; or one of Xi, X 2 , X3/ X4 is N, and the others are carbon where 
one carbon is substituted with Z and the rest independently with Y; 

20 A is a ring selected from: 
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where D is selected from H, C M alkyl, halogen, amino; 
Qisa bond, halogen, C M alkyl, O, S, SO, SO^ CO, CS; 
Wis: 

(i) WR1R2 where Rl and R2 are independently H, C w alkyl, C M alkylCFa, aryl, 
5 hetaryl, C1.4 alkylaryl, Q_4 alkylhetaryl, On cycloalkyl, C2-6 alkenyl, 

cyclohetalkyl, Q_4 alkylcycloalkyl, Cv* alley! cyclohetalkyl, or Rl and R2 are 
joined to form an optionally substituted 3-8 membcred ring optionally 
containing an atom selected from O, S, NR3; and R3 is selected from H, Q-4 
alkyl, aryl, hetaryl, alkyl aryl, C w alkyl hetaryl, COR4 where R4 is 
10 selected from H, Q.4 alkyl, aryl, hetaryl; 

OR 

(ii) H, alkyl, aryl, hetaryl, C^e cycloalkyl, cyclohetalkyl, Cm. alkylaryl, C%+ 
alkylhetaryl, C3.6 cycloalkyl, Q-4 alkylcycloalkyl, C XA alkyl cyclohetalkyl; 

Y is H, halogen, CN, CF* nitro, OH, alkyl, C lJk alkyiNR5R6, C w alkylhetaryl, 
1 5 OC M alkyl, OQ^ alkylOC^alkyl, OO-4 alkylNR5R6, OC tA alkylhetaryl, OCi 4 

alkylcyclohctalkyl, SC M alkyl, $C 2 + a1kylOC M alky V SQm alkylNK5R6, NR5R6, 
NR5COR6, NR5SG 2 R6; and R5 and R6 are each independently H, Ci^ alkyl, or may 
be joined to form an optionally substituted 3-6 mexnbered ring optionally 
containing an atom selected from O, S, NR7 and R7 is selected from H, Ci-a alkyl, 
20 aryl, hetaryl, alkylaryl, C1-4 alkylhetaryl; 



Z is selected from : 
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o o 



where R8 is selected from H, C,^ alkyl; 

R9 and K10 are independently selected from H, Cw alkyl, Ci 4 a1ky1NR12R13, 
C1-4 alkyiOR12, alkylhetaryl or may be joined to form a 5-8 membered 
5 ring optionally containing an atom selected from O, S y SO, SO2, NR14; 

Rl 1 is selected from OH, OC 1A alky!, NR12R13; 

ti 18 0-4; 

where R12 and R13 are independently selected from H, C1-4 alkyrl, or may be 
joined to form an optionally substituted 3-8 membered ring optionally 
10 containing an atom selected from O, S, NR14; and R14 is selected from H, C1-4 

alkyL 

In a preferred embodiment the compound is selected from compounds of the general 
formula II. 




15 



n 



WO 2005/066156 



PCT/AU2005/000022 



16 

or pharmacexitically acceptable prodrugs, salts / hydrates, solvates, crystal forms or 
diastcrcomcra thereof, wherein: 

Xi, X2, Xa# X4 are each carbon where one is substituted with Z and the rest 
independently with Y; or one of Xl, X2, X3, X4 is N, and the others are carbon where 
one carbon Ls substituted with Z and the rest independently with Y; 

A is a ting selected from: 




0 Q Q P Q 



- W Q W ,U 

where D is selected from H, Cm alkyl, halogen, amino; 
Q is a bond, halogen, Cm alkyl, O, S, SO, SQ>, CO, CS; 
10 Wis: 

(i) NR1K2 where Kl and R2 arc independently H, C,^ alkyl, Ci * alkylCF*, aryl, 

betaryl, Cm alkylaryl, Cm alkylhetaryl, cycloalkyl, Ci* alkenyl, 
cyclohetalkyl. Cm alkylcycloalkyl, Cm alkyl cyclohetalkyl, or Rl and R2 are 

* 

joined to form an optionally substituted 3-6 membered ring optionally 
15 containing an atom selected from O, S, NR3; and R3 is selected from H, Cm 

alkyl, aryl, hetaryl, Ci * alkyl aryl, Cm alkyl hetaryi, COR4 where R4 is 
selected from H, Cm alkyl, aryl, hetaryl; 

OR 

* 

(ii) W is H, Cm alkyl, aryU hetaryi, Cv* cycloalkyl, cyclohetalkyl, Cm alkylaryl, 
20 Cm atkylhetaryl, C^ cycloalkyl, Cm alkylcycloalkyl, Cm alkyl cyclohetalkyl; 

♦ 

Y is H, halogen, CN, CFa, nitro, OH, Cm alkyl, C x + alkylNK5R6, Cm alkylhetaryl, 
OCm alkyl, OC 2 ^ alkylOCMalkyl, OCm alkytNR5R6, OC w alkylhetaryl, OCm 
alkylcycloheralkyl, SCm alkyl, SC 2 4 alkyl OC w alkyl, SCm alkylNR5R6, NR5R6, 
NR5COR6, NR5S0 2 R6; and R5 and R6 are each independently H, C M alkyl, or may 
25 be joined to form an optionally substituted 3-6 membered ring optionally 

containing an atom selected from O, S, NR7 and R7 is selected from H, C H alkyl, 
aryl, hetaryl, Cm alkylaryl, Cm alkylhetaryl; 
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Z is selected from : 




where R8 is selected from H, Cm alkyl; 

5 K9 and RIO are independently selected from H, Cm alkyl, Cm alkyINR12R13, 

» 

Cm alkylOR12, Cm alkylhetaryl or may be joined to form a 5-8 membered 
ring optionally containing an atom selected from O, S, SO, SOj, NR14; 

* 

Rll is selected from OH, OCm alkyl, NR12R13; 
nisO-4; 

10 where: R12 and R13 are independently selected from H, Cm alkyl, or may be 

joined to form an optionally substituted 3-8 membered ring optionally 

* 

containing an atom selected from O, S, NR14; and R14 is selected from H, Cm 
alkyl. 

In the above description it will be appreciated that: 

15 Cm alkyl means an unsubstituted or optionally substituted straight or branched 

alkyl chain- 

- • 

Aryl means unsubstituted or optionally substituted phenyl or naphthyl. 

Hetaryl means an unsubstituted or optionally substituted 5- or 6-membered 
heteroaromatic ring containing one or more heteroatoms selected from O, N, S. 

Cycloalkyl means a 3-8 membered saturated ring, 

Cyclohetalkyl means a 3-8 membered saturated ring containing 1-3 heteroatoms 
selected from O, S, NR15, where R15 is H, Cm alkyt, aryi hetaryL 

Substicuents are chosen from halogen, C M alkyl, CFa, CN, nitro, aryl, hetaryl, 
OOP*, OC M alkyl, OC is a1kylNR16R17, Oaryl, Ohetaryl, CO2RI6, CONR16R17, 
nitro, NR16R17, NR16COR17, NRI6SO2RI7; and R16, R17 are each independently 
H, Cm alkyl, Cm alkyl cycloalkyl, Cm alkyl cyclohetalkyl, aryl hetaryl, Chalky 1 



20 



25 
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aryl, O.4 alkyl hetaryl, or may be joined to form an optionally substituted 3-8 
membcrcd ring optionally containing an atom selected from O, S r NR18; and R18 is 
selected from H, C M alkyl, aryl, hetaryl, alkyl aryl, C w alkyl hetaryl. 

The compounds of formula I may irreversibly inhibit JAK 3. Cenerally, the strength of 
5 binding of reversible inhibitors of an enzyme is measured by the ICpq value which is a 
reflection of the equilibrium constant of the interaction between the inhibitor and the 
active site of the enzyme. Irreversible inhibitors display an apparent iCsrt because once 
the inhibitor is bound it will not leave the active site and the measured IC 5 <> Will therefore 
improve (i.e. number will decrease) over time- For instance, the compound of example 20 
10 exhibits an "iCscf of ~40nM after 20 minute incubation with enzyme (prior to addition of 
ATP) whereas the "IC50" drops to 7nM after 90 min pre-incubation. 

Preferably, the compound of formula I selectively inhibits JAK 3 with respect to JAK 1 or 
JAK 2. The term "selectively inhibits" is defined to mean that the apparent 1C 51 , of the 
compound for JAK 3 is more than ten-fold lower (i.e. more potent) than the ICeo for JAK 1 
15 or JAK 2, 

The compounds of this invention include atl conformational isomers (eg. ds and trans 
isomers). The compounds of the present invention have asymmetric centers and therefore 
exist in different enantiomeric and diastereomeric forms. This invention relates to the use 
of all optical isomers and stereoisomers of the compounds of the present invention, and 
20 mixtures thereof, and to all pharmaceutical compositions and methods of treatment that 
may employ or contain them. The compounds of formula 1 may also exist as tautomers. 
This invention relates to the use of all such tautomcrs and mixtures thereof. 

This invention also encompasses pharmaceutical compositions containing prodrugs of 
compounds of the formula I. This invention also encompasses methods of treating or 

25 preventing disorders that can be treated or prevented by the inhibition of protein kinases, 
such as JAK comprising adrnmistering prodrugs of compounds of the formula I. 
Compounds of formula I having free amino, amido, hydroxy or carboxylic groups can be 
converted into prodrugs. Prodrugs include compounds wherein an amino acid residue, 
or a polypeptide chain of two or more (eg, two, three or four) amino acid residues which 

30 are co valently joined through peptide bonds to free amino, hydroxy and carboxylic acid 
groups of compounds of formula L The amino acid residues include the 20 naturally 
occurring amino acids commonly designated by three letter symbols and also include, 4- 
hydroxyproline, hydroxylysine, demosine, isodemosine, 3-methylhisttdinc, norvlin, beta- 
alanine, gamma-aminobutyric acid, citrulline, homocysteine, homoserine, ornithine and 
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metbioine sulfone. Prodrugs also include compounds wherein carbonates/ carbamates, 
amides and alkyl esters which are covalently bonded to the above substituents of formula 
1 through the carbonyl carbon prodrug sidechain. Prodrugs also include phosphate 
derivatives of compounds of formula 1 (such as acids, sails of adds, or esters) joined 
5 through a phosphorus-oxygen bond to a free hydroxy! of compounds of formula 1. 

Where the compound possesses a chiral centre the compound can be used as a purified 
isomer or as a mixture of any ratio of isomers. It is however preferred that the mixture 
comprises at least 70%, 80%, 90%, 95%, or 99% of the preferred isomer. 

In a still further preferred embodiment the compound is selected from the compounds set 
10 out In the Examples. More preferably, the compound is selected from the compounds set 
out in Table 3. 

In a second aspect the present invention consists in a composition comprising a carrier 
and at least one compound of the first aspect of the invention. 

In a third aspect the present invention consists in a method of treating a tyrosine kinase- 
15 associated disease state, the method comprising administering a therapeutically effective 
amount of at least one compound of the first aspect of the invention or a therapeutically 
effective amount of a composition of the second aspect of the invention. 

* 

In a further preferred embodiment the disease state involves JAKI, JAK2, JAK3 or TYK2. 

In a preferred embodiment of the present invention the disease state is seiecced from the 
20 group consisting of Atopy, such as Allergic Asthma, Atopic Dermatitis (Eczema), and 

Allergic Rhinitis; Cell Mediated Hypersensitivity, such as Allergic Contact Dermatitis and 
Hypersensitivity Pneumonitis; Rheumatic Diseases, such as Systemic Lupus 
Erythematosus (SLE>, Rheumatoid Arthritis, Juvenile Arthritis, Sjogren's Syndrome, . 
Scleroderma, Polymyositis, Ankylosing Spondylitis, Psoriatic Arthritis; Other 
25 autoimmune diseases such as Type T diabetes, autoimmune thyroid disorders, and 
Alzheimer's disease; Viral Diseases, such as Epstein Barr Virus (EBV), Hepatitis B, 
Hepatitis C, HIV, HTLV 1, Varicella-Zoster Virus (VZV), Human Papilloma Virus (HPV), 
Cancer, such as Leukemia, Lymphoma and Prostate Cancer. 

► 

As used herein the term "tyrosine kinasc-associatcd disease state" refers to those disorders 
30 which result from aberrant tyrosine kinase activity, in particular JAK activity and/or 
which are alleviated by inhibition of one or more of these enzymes. 
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In a further aspect the present invention provides the use of the compounds described in 
the preparation of medicaments for the treatment of JAKS-associated disease states. 

In a yet further aspect/ the present invention provides for a method of suppressing the 
immune system of a subject, the method comprising aclmmistering a therapeutically 
5 effective amount of at least one compound of the first aspect of the invention or a 

therapeutically effective amount of a composition of the second aspect of the invention. 

Preferably/ the method of suppressing the immune system is for the treatment of disease 
states selected from lupus, multiple sclerosis, rheumatoid arthritis, psoriasis, Type I 
diabetes and complications from diabetes, cancer, asthma, atopic dermatitis, autoimmune 
1 0 thyroid disorders, ulcerative colitis, Crohn's disease, and Alzheimer's disease. 

* 

Preferably, the method of suppressing the immune system is to modify the immune 
system response to a transplant into a subject. More preferably, the transplant is an organ 
transplant or tissue transplant. 

The present invention provides pharmaceutical compactions comprising at least one of 
15 the compounds of the formula 1 or II capable of treating a JAK3-associated disorder in an 
amount effective therefor, and a pharmaceutically acceptable vehicle or diluent. Iho 
compositions of the present invention may contain other therapeutic agents as described 
below, and may be formulated/ for example, by employing conventional solid or liquid 
vehicles or diluents, as weD as pharmaceutical additives of a type appropriate to the mode 
20 of desired ad^ninistration (for example, excipients, binders, preservatives, stabilizers, 
flavors, etc.) according to techniques such as those well known in the art of 
pharmaceutical formulation. 

The compounds of the formula I or JUL may be administered by any suitable means, for 
example, orally, such as in the form of tablets, capsules, granules or powders; 

25 sublihgually; buccally; parentexally, such as by subcutaneous, intravenous, intramuscular, 
or intracisternal injection or infusion techniques (e.g., as sterile injectable aqueous or non- 
aqueous solutions or suspensions); nasally such as by inhalation spray; topically, such as 
in the form of a cream or ointment; or rectally such as in the form of suppositories; in 
dosage unit formulations containing non-toxic, pharmaceutically acceptable vehicles or 

30 diluents. The compounds may, for example, be administered in a form suitable for 

immediate release or extended release. Immediate release or extended release may be 
achieved by the use of suitable pharmaceutical compositions comprising the present 
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compounds, or, particularly m the case of extended release, by the use of devices such as 
subcutaneous implants or osmotic pumps. 

In addition to primates, such as humans, a variety of other mammals can be treated 
according to the method of the present invention. For instance, mammals including, but 
5 not limited to, cows, sheep, goats, horses, dogs, cats, guinea pigs, rats or other bovine, 
ovine, equine, canine, feline, rodent or murine species can be treated. However, the 
method can also be practiced in other species, such as avian species (e.g., chickens). 

Diseases and conditions associated with inflammation and infection can be treated using 
the method of the present invention. In a preferred embodiment, the disease or condition 
10 is one in which the actions of eosinophils and /or lymphocytes are to be inhibited or 
promoted, in order to modulate the inflammatory response. 

The subjects treated m the above methods, in whom which JAK3 inhibition is desired, are 
mammals, mduding, but not limited to, cows, sheep, goats, horses, dogs, cats, guinea 
pigs, rats or other bovine, ovine, equine, canine, feline, rodent ox murine species, and - 
15 preferably a human being, male or female. 

The term "therapeutically effective amount* 1 means the amount of the subject composition 
that will elicit the biological or medical response of a tissue, system, animal or human that 
is being sought by the researcher, veterinarian, medical doctor or other clinician. 

The term "composition" as used herein is intended to encompass a product comprising 
20 the specified ingredients in the specified amounts, as well as any product which results, 
directly or indirectly, from combination of the specified ingredients in the specified 
amounts. By "pharmaceutically acceptable" it is meant the carrier, diluent or excipient 
must be compatible with the other ingredients of the formulation and not deleterious to 
the recipient thereof. 

25 The terms "adrrumstration of and or "administering a" compound should be understood 
to mean providing a compound of the invention to the individual in need of treatment. 

The pharmaceutical compositions for the administration of the compounds of this 
invention may conveniently be presented in dosage unit form and may be prepared by 
any of the methods well known in the art of pharmacy. All methods include the step of 
30 bringing the active ingredient into association with the carrier which constitutes one or 

more accessory ingredients. Tn general, the pharmaceutical compositions are prepared by 
uniformly and mtimatery bringing the active ingredient into association with a liquid 
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carrier or a finely divided solid carrier or both, and then, if necessary, shaping the product 
into the desired formulation. In the pharmaceutical composition the active object 
compound is included in an amount sufficient to produce the desired effect upon the 
process or condition of diseases. As used herein, the term "composition" is intended to 
5 encompass a product comprising the specified ingredients in the specified amounts, as 
well as any product which results, directly or indirectly, from combination of the 
specified ingredients in the speciried amounts. 

The pharmaceutical compositions containing the active ingredient may be in a form 
suitable for oral use, for example, as tablets, troches, lozenges; aqueous or oily 

10 suspensions, dispersible powders or granules, emulsions, hard or soft capsules, or syrups 
or elixirs. Compositions intended for oral use may be prepared according to any method 
known to the art for the manufacture of pharmaceutical compositions and such 
compositions may contain one or more agents selected from the group consisting of 
sweetening agents, flavoring agents, coloring agents and preserving agents in order to 

15 provide pharmaceutical^ elegant and palatable preparations. Tablets contain the active 
ingredient in admixture with non-toxic pharmaccutically acceptable excipients which are 
suitable for the manufacture of tablets. These excipients may be for example, inert 
diluents, such as calcium carbonate, sodium carbonate, lactose, calcium phosphate or 
sodium phosphate; granulating and disintegrating agents, for example, corn starch, or 

20 alginic acid; binding agents, for example starch, gelatin or acacia, and lubricating agents, 
for example magnesium stearate, stearic acid or talc. The tablets may be uncoated or they 
may be coated by known techniques to delay disintegration and absorption in the 
gastrointestinal tract and thereby provide a sustained action over a longer period. For 
example, a time delay material such as glyceryl monostcarate or glyceryl distearate may 

25 be employed. They may also be coated to form osmotic therapeutic tablets for control 
release. 

Formulations for oral use may also be presented as hard gelatin capsules wherein the 
active ingredient is mixed with an inert solid diluent, for example, calcium carbonate, 
calcium phosphate or kaolin, or as soft gelatin capsules wherein the active ingredient is 
30 mixed with water or an oil medium, for example peanut oit liquid paraffin, or olive Oil. 

Aqueous suspensions contain the active materials in admixture with excipients suitable 
for die manufacture of aqueous suspensions. Such excipients are suspending agents, for 
example sodium carboxymethylcellulose, methylccllulose, hydroxy- 

propylmethytcellulose, sodium alginate, polyvinyl-pyrrolidonc, gum tragacanth and gum 
35 acacia; dispersing or wetting agents may be a naturally-occurring phosphatide, for 
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example lecithin, or condensation products of an alkylene oxide with fatty acids, for 
example polyoxyethylene stearatc, or condensation products of ethylene oxide with long 
chain aliphatic alcohols, for example heptadecacttiylcncoxycctanol, or condensation 
products of ethylene oxide with partial esters derived from fatty acids and a hexitol such 
5 as polyoxyethylene sorbitol monooleate, or condensation products of ethylene oxide with 
partial esters derived from fatty acids and hexitol anhydrides, for example polyethylene 
sorbitan monooleate. The aqueous suspensions may also contain one or mora 
preservatives, for example ethyl, or n-propyl, p-hydroxybenzoate, one or more coloring 
agents, one or more flavoring agents, and one or more sweetening agents, such as sucrose 
10 or saccharin. 

Oily suspensions may be formulated by suspending the active ingredient in a vegetable 
oil, for example arachis oil, olive oil, sesame oil or coconut oil, or in a mineral oil such as 
liquid paraffin. The oily suspensions may contain a thickening agent, for example 
beeswax, hard paraffin or cctyl alcohol. Sweetening agents such as those set forth above, 
15 and flavoring agents may be added to provide a palatable oral preparation. These 

compositions may be preserved by the addition of an anti-oxidant such as ascorbic acid. 

Oispersible powders and granules suitable for preparation of an aqueous suspension by 
the addition of water provide the active ingredient in admixture with a dispersing or 
wetting agent, suspending agent and one or more preservatives. Suitable dispersing or 
20 wetting agents and suspending agents are exemplified by those already mentioned above. 
Additional excipients, for. example sweetening, flavoring and coloring agents, may also be 
present. 

The pharmaceutical compositions of the invention may also be in the form of oil-in-water 
emulsions. The oily phase may be a vegetable oil, for example olive oil or arachis oil, or a 

25 mineral oil, for example liquid paraffin or mixtures of these. Suitable emulsifying agents 
may be naturally- occurring gums, for example gum acacia or gum tragacanth, naturally- 
occurring phosphatides, for example soy bean, lecithin, and esters or partial esters 
derived from fatty acids and hexitol anhydrides, for example sorbitan monooleate, and 
condensation products of the said partial esters with ethylene oxide, for example 

30 polyoxyethylene sorbitan monooleate. The emulsions may also contain sweetening and 
flavoring agents. 

Syrups and elixirs may be formulated with sweetening agents, for example glycerol, 
propylene glycol, sorbitol or sucrose. Such formulations may also contain a demulcent, a 
preservative and flavoring and coloring agents. 
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The pharmaceutical compositions may be in the form of a sterile injectable aqueous or 
oleagenous suspension. This suspension may be formulated according to the known art 
using those suitable dispersing or wetting agents and suspending agents which have been 
mentioned above. The sterile injectable preparation may also be a sterile injectable 

5 solution or suspension in a non-toxie parenterally-acceptablc diluent or solvent, for 

example as a solution in 1,3-butanc diol. Among the acceptable vehicles and solvents that 
may be employed are water, Ringer's solution and isotonic sodium chloride solution. In 
addition, sterile, fixed oils are conventionally employed as a solvent or suspending 
medium. For this purpose any bland fixed oil may be employed including synthetic 

10 mono- or diglyceridcs. In addition, fatty acids such as oleic acid find use in the 
preparation of injectable^. 

The compounds of the present invention may also be administered in the form of 
suppositories for rectal administration of the drug. These compositions can be prepared 
by mixing the drug with a suitable non-irritating excipient which is solid at ordinary 
15 temperatures but liquid at die rectal temperature and will therefore melt in the rectum to 
release the drug. Such materials are cocoa butter and polyethylene glycols. 

For topical use, creams, ointments, jellies, solutions or suspensions, etc., containing the 
compounds of the present invention are employed. (For purposes of this application, 
topical application shall include mouthwashes and gargles.) 

20 The compounds of the present invention can also be adjaamistered in the form of 

liposomes. As is known in the art, liposomes are generally derived from phospholipids or 
other lipid substances. liposomes are formed by mono- or multilamellar hydrated liquid 
crystals that are dispersed in an aqueous medium. Any non-toxic, physiologically 
acceptable and metabolisable lipid capable of forming liposomes can be used. The 

25 present compositions in liposome form can contain, in addition to a compound of the 

present invention, stabilisers, preservatives, excipienfcs and the like. The preferred lipids 
are the phospholipids and phosphatidyl cholines, both natural and synthetic. Methods to 
form liposomes are known in the art. 

The pharmaceutical composition and method of the present invention may further 
30 comprise other therapeutically active compounds as noted herein which are usually 

applied in the treatment of the above mentioned pathological conditions. Selection of the 
appropriate agents for use in combination therapy may be made by one of ordinary skill 
in the art, according to conventional pharmaceutical principles. The combination of 
therapeutic agents may act synergistically to effect the treatment or prevention of the 
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various disorders described above. Using this approach, one may be able to achieve 
therapeutic efficacy with lower dosages of each agent, thus reducing the potential for 
adverse side effects. 

Examples of other therapeutic agents include the following: 

5 cyclosporins (e.g., cyclosporin A), CTLA4-I&, antibodies such as ICAM-3, anti-iL-2 
receptor (Anti-Tac), anti-CD45RB, anti-CD2, anti-CD3 (OKT-3), anu-CD4, antl-CDSU 
anti-CD86, agents blocking the interaction between CD40 and gp39, such as antibodies 
specific for CD40 and/or gp39 (i.e., CP154), fusion proteins constructed from CD40 and 
gp39 (CD401g and CD8gp39), inhibitors, such as nuclear translocation inhibitors, of 

10 NF-kappa B function, such as deoxyspergualin (DSG), cholesterol biosynthesis inhibitors 
such as HMG CoA reductase inhibitors (lovastatin and simvastatin), non-steroidal 
antiiiuTammatory drugs (NSAIDs) such as ibuprofen, aspirin, acetaminophen, 
lefiunomidc, deoxyspergualin, azathloprine and cydooxy genase inhibitors such as 
rofecoxib and celecoxib, steroids such as prednisolone or dexamethasone, gold 

15 compounds, antiproliferative agents such as methotrexate, FK506 (tacrolimus, Prograf), 
mycophenolate mofetil, cytotoxic drugs such as azathioprine, VP-16, etoposide, 
fludarabine, cisplatm and cyclophosphamide, TNF-a inhibitors such as tenidap, anti-TNF 
antibodies or soluble TNF receptor, and rapamycin (sirolimus or Rapamune) or 
derivatives thereof. 

20 When other therapeutic agents arc employed in combination with the compounds of the 
present invention they may be used for example in amounts as noted in the Physician 
Desk Reference (PDR) or as otherwise determined by one of ordinary skill in the art. 

Tn the treatment or prevention of conditions. which require protein tyrosine kinase 
inhibition an appropriate dosage level will generally be about 0.01 to 500 mg per kg 

25 patient body weight per day which can be administered in single or multiple doses. 
Preferably, the dosage level will be about 0.1 to about 250 mg/kg per day; more 
preferably about 0.5 to about 100 mg/kg per day. A suitable dosage level may be about 
0.01 to 250 mg/kg per day, about 0.05 to 100 mg/kg per day, or about 0.1 to 50 mg/kg per 
day. Within this range the dosage may be 0.05 to 0.5, 0..5 to 5 or 5 to 50 mg/kg per day. 

30 Por oral administration, the compositions are preferably provided in the foTm of tablets 
containing 1.0 to 1000 milligrams of the active ingredient, particularly 1.0, 5.0, 10.0, 15.0. 
20.0, 25.0, 50.0, 75.0, 100.0, 150.0, 200.0, 250.0, 300.0, 400.0. 500.0, 600.0, 750.0, 800.0, 900.0, 
and 1000.0 milligrams of the active ingredient for the symptomatic adjustment of the 
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dosage to the patient to.be treated. The compounds may be administered on a regimen of 
1 to 4 times per day, preferably once or twice per day. 

■ 

It will be understood, however, that the specific dose level and frequency of dosage for 
any particular patient may be varied and will depend upon a variety of factors including 
5 the activity of the specific compound employed, the metabolic stability and length of 

action of that compound, the age, body weight, general health, box, diet, mode and rime of 
administration, rate of excretion, drug combination, the severity of the particular 
condition, and the host undergoing therapy. . 

In order that the nature of the present invention may be more clearly understood, 
10 preferred forms thereof will now be described with reference to the following non- 
limiting examples. 

EXAMPLES 

MATERIA 1LS AND METHODS: 

Compound Synthesis 

% * 

15 Compounds of the general formula I are generally prepared from dibaloheterocycle. 

When Q is a bond and W is amino, the synthesis may begin with a nucleophilic aromatic 
substitution to generate a monoamino-monohalo intermediate. 

Hie nucleophilic aromatic substitution is typically carried out by addition of an amine to 
the di-halogenated heterocycle in a solvent such as ethanol, isopropanol, tert-butanol, 
20 dioxane, THF, DMF, toluene or xylene. The reaction is typically performed at elevated 
temperature in the presence of excess amine or a non-nucleophilic base such as 
triethylamine or diisopropylethylamine, or an inorganic base such as potassium carbonate 
or sodium carbonate- 

Alternatively, the amino substituent may be introduced through a transition metal 
25 catalysed amination reaction. Typical catalysts for such transformations include 
Pd(OAc)7/P(t-Bu)a, Pdi(dba)3/B1NAP and Pd(OAc) 2 /BlNAP. These reactions are 
typically out in solvents such as toluene or dioxane, in the presence of bases such as 
caesium carbonate or sodium or potassium tert-butoxide at temperatures ranging from 
room temperature to reflux. 
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The amines employed in the first step of the synthesis of these compounds are obtained 
commercially or are prepared using methods well known to those skilled in the art 

When Q is a bond and W is aryl, hetaryl or other similar carbon-linked systems, the 
synthesis typically begins with a cross-coupling reaction between dihaloheterocycle and a 
5 suitably functionalised coupling partner. Typical coupling partners are boronic acids or 
esters (Suzuki coupling; see for example Miyaura and Suzuki 1995), stannanes (Stiile 
coupling: sec for example Stille 1986), Grignard reagents (Kumada coupling: Kumada, 
Tamao and Surrutani 1988) or organozinc species (Negbhi coupling: Negishi 2002). The 
Suzuki coupling is the preferred coupling method and is typically performed in a solvent 
10 such as DME, THF, DMP, ethanot, propanol, toluene, or 1,4-dioxane in the presence of a 
base such as potassium carbonate, lithium hydroxide, caesium carbonate, sodium 
hydroxide, potassium fluoride or potassium phosphate. The reaction may be carried out 
at elevated temperatures and the palladium catalyst employed may be selected from 
Pd(PPh 3 ) 4 , Pd(OAcK [PdCl 2 (dppf)l, Pd 2 (dba) 3 /P(c-Bu) 3 . 

' Where Q is CO, the synthesis begins with the requisite hetaryl caxboxylic acid bearing a 
halo group. Amide derivatives of the acid may be readily formed by coupling an amine 
with the acid using coupling reagents such as dicyclchexylcarbodiimide, l-(3- 
dirnemylammopropyl)-3-ethy diisopropyicarbodiimidc or 

catbonyldiimidazole in solvents such as dichloromethane, tctrahydrofuran or 1,4-dioxane. 
Alternatively, the acid can be converted to the respective acid chloride using thlonyl 
chloride, oxalyl chloride, ^trichloromethyl)carbonatc or cyanuric chloride, or to the 
mixed anhydride species using, for example, /4?utyl chloroformate, using procedures well 
known to those skilled in the art. The acid chloride or mixed anhydride derivatives can 
then be reacted with the desired amine preferably in the presence of abase such as 
txiemyiamine, diisopropylemylamine or solid phase equivalent in a solvent such as 
dichloromethane, tetrahydrofuran, dioxane or ethyl acetate at ambient or elevated 
temperatures, to generate the amide. The acid chloride may also react with the required 
amine under aqueous conditions preferably in the presence of an inorganic base such as 
sodium hydroxide, potassium hydroxide or sodium carbonate to generate the desired 
amide. 



15 



20 



25 



30 



Thioamides may be prepared from the amides formed above by methods well-known to 
those skilled in the art and include reaction of the amide with Lawesson'y reagent in a 
solvent such as toluene at elevated temperature. 
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The second step of the synthesis involves a nucleophilic aromatic substitution reaction of 
the mcmohalo intermediate with a bcnzimidazole or azabenzimidazole. The reaction is 
typically performed using a salt of the benzimidazole or azabenzimidazole in solvents 
such as THF, DMF, DMA, NMP, toluene, or xylene from room temperature to reflux. The 
5 benzimidazole or azabenzimidazole salt is prepared by reaction with a metal hydride 
such as sodium or potassium hydride or by reaction with caesium carbonate. 
Alternatively, a metal-catalysed coupling reaction can be used to introduce the 
benzimidazole or azabenzimidazole ring. Typical metal catalysts include Pd(OAcH/dppf, 
PdCi 2 /dppe, Pd z (OAc) 2 /P(t-Bu)a, (CuOTfh^PhH. The reaction is typically performed 
10 using a base such as caesium carbonate, rubidium carbonate, potassium carbonate, 
sodium tcrt-butoxide or potassium phosphate in a solvent such as xylene, toluene, or 
DMF from room temperature to reflux. Auxiliary reagents such as phase transfer agents 
(e.g. cetrimoniuzn bromide) or copper completing agents (e.g. phenanth rolinc) may also 
be employed in the reaction. 

15 Alternatively, the reaction sequence outlined above may be reversed beginning with 
coupling of the benzimidazole or azabenzimida/.ole to the dihaloheterocycle using the 
methods outlined above, followed by introduction of the second substitucnt onto the 

■ 

heterocyclic nucleus using the procedures outlined above. 

An alternative route to compounds of the general formula I involves a copper mediated 
20 reaction between a benzimidazole or azabenzimidazole and an organometallic reagent 
(see for example Finet, 2002). Preferable organometallic reagents are boronic acids. 

The thiol reactive moiety (depicted as part of the substituents Z) present in compounds of 
the general formula I of the invention may be already present in the functionalities 
employed in the synthetic processes described above or may be introduced at the final 

25 stage of the synthetic procedure. For example, the thiol reactive moiety may be 

introduced in compounds bearing a free hydroxyl or amino substituent by coupling with 
a suitable acid. This is typically achieved using coupling reagents such as 
dicyclohexylcarDodnrnide, l-(3^imemylarrunopropyl)^emylcarbodiurude, 
dmopropylcarbcKiuimide or carbonyldiimidazole in solvents such as cuchloromethane, 

30 tetrahydrofuran or 1,4-dioxane. Alternatively, suitable mixed anhydride species of the 
acid, formed using/ for example, Abutyl cbloroformate, using procedures well Known to 
those skilled in the art, or a suitable acid chloride derivative, can be reacted with the 
amine or alcohol moiety in the presence of a base such as triethyiarnine, 
diisoprofpylethylamine or solid phase equivalent in a solvent such as dichloromethane, 
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tctxahydrofuran, dioxane or ethyl acetate at ambient or elevated temperature*, to generate 
the desired compound- 

Those skilled in the art will appreciate that the order of the reactions described for (he 
syntheses above may be changed in certain circumstances and that certain functionalities 
5 may need to be dcrivatised (Le. protected) in certain instances for the reactions described 
above to proceed with reasonable yield and efficiency. The types of protecting 
functionality are well-known to those skilled in the art and are described for example in 
Greene (Greene, 1999). The products formed from the reaction sequences described above 
may be further derivatised using techniques well known to those skilled in the art, 

10 Representative syntheses are reported below. 
Example 1 




A solution of i^-a-rnethylbenzylamine (0.57g> 4.7mmol) and 2,6-dichloropyrazine (0.6388g, 
15 4.29mmol) in dioxane (2.5 mL) was heated at reflux under JM 2 for 48 hours. The solvent 
was removed and the product crystallised from toiucne-hexario (0\82g, 82%). 

^-rum.r. (CDQ,) 8 1.58 (d, /= 6.6Hz, 3H, CH ? ), 4.88 (m, 1H, CI I), 5.07 (d, 1H, NH), 7.24- 
7.36 (m, 5H, Ar-H), 7.61 (s, 1H, pyraz-H), 7.79 (s, 1H, pyraz-H). 

Example 2 

20 N^tert-bufyP^^frIoropyrazM~2^//ime 




A mixture of /^/v^urylarnine (14.9 g, 20 rnmol), 2,6-dichloropyrazine (6.0 g, 40 mmol), 
Hunig's base (lOmL) and ethoxyethanol (6 mL) was heated at lSO^C in a sealed tube for 13 
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hours. The solvent was removed irt vacuo and the residue taken up in CH 2 C1 2 (lOOmL) 
and filtered. The filtrate was washed with H 2 0 (2 x 20 ml.)/ brine (20 mL) and dried 
(Na 2 SQi). Chromatography cluting with CH2CI2 separated the product as a white solid 
(5.4 g, 72%). 

5 *H-*imjc. (CDCI3) 5 1 .44 (s, 9H, CH3), 4.68 (br 3, 1 H, 2MH), 7.71 (s, 1H, pyraz-H), 7.72 (9, 1H, 
pyraz-H). 

Example 3 




10 In a procedure analogous to Example 1, reaction of i?-a-methylbenzylarrune (l.Og, 

6.6mmol) and 2,6-dichtbropyrazine (0.440g, 2.95mmol) furnished the product (517mg, 

67%). 

^-n.m.r. (CDCI3) 5 1.59 (d, /= 6.9Hz, 3H, Clh), 3.S1 (a, 3H, OCH*), 4.87 (m, 1H, CH), 5.47 
(bf s, 1H, NH), 6.79-7.30 (rn, 4H, Ar-II), 7.66 (s, 1H, pyraz-H), 7.79 (s, 1H, pyraz-H). 

15 Example 4 

6-C/tforo-N-p/ieTiyIpyrazm-2-amrtie 




A solution of 2 / 6~dichloropyrazine (1 g, 6.7 mmol) and aniline (1.25 g, 13.4 mmol) in 
ethoxyethanol (20 mL) containing DIPEA (2.5 mL, 13.4 mmol) was heated at reflux for 3 
20 days under N 2 . The solution was concentrated under reduced pressure and the residue 
di&soivcd in EtOAc (50 mL) and washed successively with H 2 0 (50 mL), 1M HC1 (2 x 50 
mL), H 2 0 (50 mL) and brine (50 mL). After drying (Na 2 SOJ the solvent was removed 
under reduced pressure and the residue chromarographed eluting with EtOAc-hexane 
(20:80 - 50:50) to separate pure product .from the lower fractions (230 mg, 17%). 



WO 2005/066156 



PCT/AU2005/000022 



31 

* 

l H-n.m.r. (CDCI3) S 6.62 (br s, 1H, NH), 7.31-7.20 (m, 1H, ArH), 738 (br s, 2H, ArH), 7.40 
(s, 2H, ArH), 7.93 (s, 1 H, pyraz-H), 8.11 (s, 1H, pyraz-H). 

Example 5 



In a procedure analogous to Example 1, reaction of a-(j^^-dimethylbenzylamine (250mg f 
1.85mmol) and 2,6-dichloropyrazine (0.251g, 1.67mrnol) furnished the product (199.5mg, 
48%). 

'H-n.trur. (CDCI3) S 1.56 <d, 3H,/=< 6.9Hz, CH,), 233 (s, 3H, CHa), 4.84 (m, 1H, CH), 5.05 
10 (br s, 1H, Nil), 7.15 (AA'XX', 2H, Ar-H), 7.24 (AA'XX', 2H, Ar-H), 7.60 (s, 1H, pyraz-H), 
7.78 (a, 1H, pyraz-H). 

Example 6 

6-Chlora-N~(4-morphtAin-4-ylphenyl)pyrazin-2-atnlne 




15 In a procedure analogous to Example 1, reaction of 4-morpholinoaniHne (2.15g, l2.1mmol) 
and 2,6-dichloropyrazine (0.756g, 5.03mmol) furnished the product (0.54g, 37%). 

'H-nmj. (CDCU) 63.25 (br 4H, CH 2 ), 3.99 (br s, 4H, CH*), 7.05-7.17 (m, 2H, ArH), 7.42- 
7.54 (m, 2H, ArH), 7.94 (a, 1H, pyraz-H), 8.04 (s, 1H, pyraz-H), 8.06 (s, 1H, NH). 



5 




20 
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Example 7 




In a procedure analogous to Example 1, reaction of furiurylamlne and 2,6- 
5 dicrdoropyrazine furnished the product (98%). 

'H-n.m.r. (CDOs) 64.57 (d, /= 5.7 Hz, 2H, NCHz), 5.01 (s, broad, 1H, NH), 630 <d, /= 3,3 
Hz, 1H, furanyl-H), 6.35-633 (nv 2H, furanyl-H), 7.81 (s, 1H, pyraz.-H), 7.84 (s, 1H, 
pyraz-H). 

Example 8 

10 6-ChIoro-N^pyn^iti'3-yimei/iyl)pyrazin^2^nime 




A mixture 2,6-dicrUorupyrazine (0.671 mrneft) and 3-picolylarrime (2.014 mmol) in xylene 
(25 ml) was refluxed overnight. The residue obtained after evaporation of the solvent was 
suspended between CH;tCl 2 (100 ml) and water (100 ml). The organic layer was separated 
15 and the aqueous layer was extracted with CH 2 C1 2 (3 x 50 ml). The combined organic 

extracts were washed with brine (1 x 100 ml), dried (Na 2 SOi) and tire solvent removed in 
vacuo. The residue was then purified by column chromatography ehiting with a 
hexane:cthyl acetate gradient mixture to afford the desired product (93%). 

'H-n-m-r. (CDC1 3 ) 64.61 (d,/= 5.7 Hz, 2 H, NCH 2 ), 5.29 (s, btoad t 1H, NH), 7.27 (m, 1H, 
20 pyrid.-H), 7.30 (m, lli, pyrid.-H), 7.71 (d, /= 7.8 Hz, 1H, pyrid^H), 7.85 (s, 1H, pyrid.-H), 
8.54 (s, broad, 1H, pyraz.-H), 8.61 (s, broad, 1H, pyraz.-H). 
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Example 9 




In a procedure analogous to Example 1, reaction of N-methyl benzylamine and 2,6- 
5 dichtoropyrazine furnished the product (70%). 

l H-n.m.r. (CDQO 53.11 (s, 3 H, NCH 3 ), 4.78 (s, 2H, ArCH 2 N), 7.24 (d, /= 6.9 Hz, 2 H, 
ArH), 7.37-7.28 (m, 4H, ArH), 7.81 <s, 1H, pyrez.-H), 7.88 (s, 1H, pyraaL-If). 

Example 10 

Hf-Detiz/MtdazoJ-S-amine 

A solution of S-nitrobGnzimldazole (10.0 g, 61.3 mmol) in methanol {250 mL) was 
hydrogenated in the presence of 10% Fd/C (0>4<) g) at atmospheric pressure for 20h. The 
mixture was filtered through Celite® and the solvent removed under reduced pressure to 
afford the pure product (8.1 g, 100%). 

15 'H-n.m.x. (CD.OD) 8 6.75 (dd, lH,/= 8.4 and 2.0 Hz, benzimid-H), 6.92 (d, lH,/= 2.0Hz, 
benzirnid-H), 7.36 (d, lH,/= 8.4 Hz, benzimid-H), 7.92 (s, 1H, benzjmid-H). 



20 
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Example 11 

/V^/fe/Z-A/^^ and 

. - 



H 



N 

NH 2 



N H + 



N 



5 A mixture of lH-ber\zm^dazoK5-amine (2.93 g> 22 mmol), N-{tert-butyi)-6-chloropyrazin- 
2-amine (3.71g, 20 mmol) and cesium carbonate (9.12 g, 28 mmol) in DMF (20 mL) was 
heated under Na for 48h. Upon cooling to RT the mixture was filtered and the nitrate 
concentrated trt vacuo. The residue was extracted with CHCI3 and the solvent removed 
under reduced pressure. The residue was chromatographed using CHaClx-MeOH (98:2 - 
10 93:7) to give from the less polar fractions l-[6-(/^/-/-butylammo)pyra23n-2-yl]-lH- 
benzimidazol^amine (1.38 g): 

"H-n.m.r. (CDCI3) 8 1.51 (s, 9H, QGHa)^ 3.80 (br s, 2H, NTH*), 4.84 (br s, 1H, NH), 6.74 
(dd, lH,/r= 8.4, 2.2Hz, benzimid-H), 7.21 (d, lH,/= 2A)Hz, benzimld-H), 7.62 (0% lH,/=» 
9.2Hz, berizimid-H), 7.79 (s, 1H, pyraz-H), 8.07 (s, 1H> pyraz-H), 8.17 (s, II T, bertzimtd-H). 

• ■ * 

15 and from the more polar fractions lH6-(/^//-burylamino)pyrazm-2-yl]-lH-benzmiidazol-5- 
amine (1.54 g): 

l H-n.mx (CDClo) 81.51 (s, 9H, QCHa);*), 3.48 (br s, 2H, NH 2 ), 4.86 (s, 1H, Nil), 6.79 (dd, 
lH,/= 8.6, 2.2Hz, benzumd-H), 7.14 (d, lH,/= 2J)Hz, beuzimid-H), 7.70 (d, 1H, /= 8.6Hz, 
bexxzarnid-H), 7.78 (si, 1H, pyraz-H), 8.07 (3, 1H, pyraz-H), 8.47 (s, 1H, bcrizimid-H). 
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Example 12 




5 To a stirred solution of 5-amlno-benzimidarole (290mg, 22mmal) in anhydrous DMF 
(lOmL) under N 2 was added caesium carbonate (980mg) 1he resulting mixture was 
stirred at 70°C for 60 min* To this was added a solution of 6^chloro-N-[(lSH- 
phenylctbyl]pyrazin-2-amine (470mg) in DMF (5mL) and the resulting mixture was then 
heated at reflux for 4Hh. The DMF was removed under reduced pressure and the residue 
10 diluted with cliloroforrru The organic layer was washed with aqueous NazCQa, dried 

(hiaiSOi) and the solvent removed under reduced pressure to furnish the crude product. 
Column duomarography using dichloromethane-methanol (95:5 - 92:8) as eluant 
separated two fractions from unreacted starring material. The higher Rf fraction was 
assigned as the 6-isomer (276mg, 42%). 

15 'H-njm.r. (CDCI3) 51,64 (d, 3H, /= 6.9Hz, CH 3 ), 2.90 (br s, 2H, NH 2 ), 5.05 (m, 1H, CH), 
5.21 (d, 1H, Nli), 6.70 (dd, lH,/= 8.7, 2.1Hz, benzimid-H), 6.97 (d, 1H, /= 1.8Hz, 
benzimid-H), 7.23-7.43 (m, 5H, Ph-H), 7.58 (d, lH,/^ 8.4Hz, benzuxud-H), 7.84 (s, 1H, 
pyraz-H), 8.08 (s. Hi, pyraz-H), 8.21 (s, 1H, benzimid-H). m/z (ES) 331 (M*+H). 

The lower fraction was assigned as the 5-isomer (170mg, 26%), A H-nan.r. (CDCI3) 81.64 (d, 
20 3H, /= 6.9Hz, CHa), 2.85 (br s, 2H, NHJ, 5.(11 (m, 1H, CH), 5. 19 (d, 1 H, NH), 6.70 (dd, 1H, 
/= 8.7, 2.1Hz, berizirnid-H), 7.11 (d, lH,/= 1.8Hz, benzunid-H), 7.29-7.40 (m, 5H, Fh-H), 
7.51 (d, 1H, /= 8.7Hz, benzimid-H), 7.81 (3, 1H, pyraz-H), 8.10 (s, 1H, pyraz-H), 832 (s, 
1H, benzirnid-H). 

m/z (HS) 331 <M*+H). 
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Example 13 

« 

2'fS^hiompymzm'2-yJ^2H'ienzimidazol^mwe and 




5 A mixture of lH4>ertzimidazol-5-aminc (0,8 g, 6 mmoi), 2,6-dichloropyrazine (0.9 g, 6.0 
mmol) and cesium carbonate (2.73 g, 8.4 mmol) in DW (6 mL) was heated under N 2 for 
6h. Upon cooling to RT the mixture was diluted with dichloromethane-methanol (6:1, 
30mL) and filtered and the filtrate concentrated m vacuo* The residue was 
chromatographed using CKi0 2 -McOH (98:2 - 94:6) to give from the kiss polar fractions 1- 
10 (6-chloropyrazin-2-y])-lK-benziinidazol-6-£un^e (398 mg): 

'H-n.m.r. (CDCI3) 0 6.74 (dd, ltd,/ 5 * 8.2, 22Hz, benzimid-H), 7.40 (d, lH,/= 2.2Hz, 
bcnzimid-H), 7.51 (d, lH,/= 8.2Hz, benzimid-H), 8.40 (s, 1H, pyraz-H), 8.48 (s, 1H, pyraz- 
H), 8.83 (s, 1H, benzimid-H). 

and from the more polar fractions l-(6^hloropyrazin-2-yl)-lH^nzimidazot^arnine (435 
15 mg) 

1 H-rum.r. (CDC1 3 ) 56.79 (dd, 1H, /= 8.8, 2.2Hz, benzirrrid r H), 7.03 (d, 1H, /*= 2.2Hz, 
benzimid-H), 7.86 (d, tti/= 9.0 Hz, benzimid-H), 8.44 (s, 1H, pyraz~H), 8.52 (s, 1H, 
pyraz-H), 8.82 (s, 1H, benzimid-H). 



20 
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Example 14 

7-/&fCyc/opropyfmeiAyfa 




A solution of H6-chloropyraztn-2-yl)-lH-berai^ (100 mg, 0.41 nunol) and 

5 cydopropylmemylamine (424 uL, 4.1 mmol) in emcocyethanoL(2 mL) containing DIPEA 
(140 pL) was heated at reflux overnight under N2. The solution was concentrated under 
reduced pressure and the residue dissolved in fstOAc (20 mL) and washed successively 
with H^O (20 mL), 1M HC1 (2 x 20 mL), H 2 0 (20 mL) and brine (20 mL). After drying 
(Na 2 S0 4 ) the solvent was removed under reduced pressure and the residue 
10 chromatographed eluting with dtchloromethane-methanol (9:1 - 94:6) to separate pure 
product from the lower fractions (98 mg) 

* 

'H-n^m.r. (CDC,) 5O2&-0.36 (rn, 2H, CH 2 ), 0.57-0.66 (m, 2H, CH 2 ), 1.08-1.22 (m, 1H, CH), 
3.27-334 (m, 2H, CH^ 3.79 (br s, 2H, NHz), 5.02 (ni, 1H, NH), 6.74 (dd, LH,/= 8.6, 22Hx, 
bcnzirrrid-II), 733 (d, 1H; /= 2,2Hz, benzimid-H), 7.61 (d, 1H, J - 9.2Hz, bertzimid-H), 7.84 
15 (s, 1H, pyraz-H), 8.10 (s, 1H, pyraz-I I), 835 (s, 1H, benzimid-H), 

Example 15 

2-[6-{fsopropy[a/nmo)pymzm-2-yl/-lH-bM^ 




A solution of l-(6-cWoix>pyrazm-2-yl)-lH-bc^ (100 mg, 0.41 mmol) and 

20 isopropylamine (350 uL, 4.1 mmol) in cthoxyethanol (2 mL) containing DIPEA (140 uL) 
was heated in a sealed tube overnight under N 2 . The solution was concentrated under 
reduced pressure and the residue dissolved in EtOAc (20 mL) and washed successively 
with H 2 0 (20 mL) and brine (20 mL). After drying (Na 2 SC>4) the solvent was removed 
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tinder reduced pressure and the residue chrumatographed eluting with dichloromethane- 
mcthanol (9:1 - 94:6) to separate pure product from the lower fractions (102 mg). 

m 

^-n.m-r. (CDCI3) 51.33 (d, 6H, /= 6.4Hz, CHa), 3.79 (br s, 2H, NH 2 ), 4.05-4.21 (m, 111, CH), 
4.72 (m, 1H, /= 7.2Hz, NH), 6.75 (dd, IH, /= 8.6, 2.2Hz, benzimid-H), 7.32 (d, 1H, /= 
5 2.0Hz, benzimid-H), 7.61 (d, 1H, /- 8.4Hz, benzimid-H), 7.79 (s, 1H, pyraz-H), 8.09 (s, 1H, 
pyraz-H), 8.35 (s, 1H, benzimid-H). 

* 

Example 16 




10 A solution of l-(6^hlo ropyraziri-2-yl)-lH-ben z3 rni dazol-6-amine (100 mg, 0.41 mmol) and 
dicthylamine (430 uL, 4.1 mmol) in ethoxyethanol (2 mL) containing DTPEA (140 uX) was 
heated in a sealed tube overnight under N 2 . The solution was concentrated under 
reduced pressure and the residue dissolved in EtOAc (20 mL) and washed successively 
With H z O (20 mL) and brine (20 mL). After drying (Na a S0 4 ) the solvent was removed 

15 under reduced pressure and me residue chromatographed eluting with dichloromcthane- 
methanol (9:1 - 94:6) to separate pure product from the lower fractions (110 mg), 

'H-n.mjr. (CDCI*) 51 .28 (t, 6H,/= 7.1Hz, CH3), 3.61 (q, 4H, /= 7.1Hz, CH2), 3.78 (br s, 2H, 
NH*), 6.74 (dd, lH,/= 8.6, 2.2Hz, benzimid-H), 732 (d, lH,/= 2.4Hz, benzimid-H), 7.61 
(d, 111,/= 8.8Hz, benzimid-H), 7.91 (s, IH, pyraz-H), 8.06 (s, III, pyraz-H), 836 (s, 1H, 
20 benzimid-H). 

Example 17 
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Under a nitrogen atmosphere a mixture of l-(6<hloropyrazin-2-yl)-lH-bcriziiruddzol-6- 
amine (50 mg, 0.20 mmol), 4-pyridytboronic acid (30 mg, 0.24 mmol), 
terralds(triphenylphosprune)paUadiiitri(0) (23 mg, 0.02 mmol) in toluene — n-propanol (2 
mL, 3:1) wad treated with 2M aqueous sodium carbonate solution (0,14 mL, 0.84 mmol). 
5 The resulting mixture was stirred vigorously whilst being heated under reflux overnight. 
Upon cooling, the mixture was diluted with ethyl acetate (10 mL) and washed with II 2 0 
(1 x 10 mL). The aqueous phase was extracted with ethyl acetate (10 mL) and the organic 
layers combined and washed with 0SM NaaCQa, brine and then dried (Na 2 S0 4 ). Removal 
of solvent />/ vacuo then yielded crude product which was purified by column 
10 chromatography using dicliloromethanc-methanol (98:2 - 91:9) as cluent to furnish the 
product (32 mg). 

'H-n.m.r. (CDCl*) 5 3.88 (s, broad, 2H, NH 2 ), 6.80 (dd, lH,/= 8.6 and 2.0 ttz, benzimid-H), 
7.46 (d, 1H,/** 2.0 Hz, benzimid-H), 7.67 (d, 1H, /== 8.6 Hz, benzinud-H), 7.98 - 8,01 (m, 
2H, pyrid-H), 8.49 (s, 1H, pyraz-H), 8.84 - 8,87 (m, 2H, pyrid-H), 8.99 (s, 1H, pyraz-H), 9.05 
15 (s, 1H, berizimid-H). 

Example 18 




■ 

To a stirred solution of l-[6-(tert-burylammo)pyrazdn^ (70 
20 mg, 0.25 mmoi) in anhydrous dichloromethane (2.5 mL) under N 2 was added 

triethylarrune (86 pi), EDAC.HC1 (60 mg), 4-(l-pyrrohdino)pyridine (4 mg) and propiolic 
acid (18.5 uL). The resulting mixture was then stirred at RT overnight and was the 
diluted with CH t Cl 2 (10mL) and washed with H^O (2 x 10 mL), 0.5M NaiC0 3 (10 mL) and 
dried (3Sfa2S0 4 ). The solvent was removed under reduced pressure and the residue was 
25 purified by column chromatography using dichloromethane-methanol (99:1 • 91:9) as 
eluant to separate the pure product (1 .8 mg). 
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1 H-tvm.r. (CDCI3) 51.52 (s, 9H, CH*), 4.76 (br s, 1H, NH), 5.78 (br s, 1H, CH), 6.75 (dd, 1H, 
/-8.4, 2.2 Hz, ArH), 7.22 (d, lH,/= 2.2Hz, ArH) # 7.63 (d, lH,/=* 8.0Hz, Ar-H), 7.79 (a, 1H, 
pyraz-H), 8.08 (s, 1H, pyraz-H), 8.37 (s, 1H, benzimid-H). 

Example 19 

5 Af-//-^/?^^ 




To a stirred solution of l-(6-{[(l^-l-phenylctliy1]ai^ 

amine (67 mg, 0.2 mmol) in anhydrous THfr* (2mt-) under N 2 was added triemylamine (67 
jit 0.48 mmol), HDACJICt (46 mg, 0.24 mmoJ), 4r(l-pyrrolidino)pyridine (cat.) and acrylic 

10 acid (17 mg, 0.24 mmol). The resulting mixture then stirred at RT overnight and was the 
diluted with H 2 0 (10 mL) and the mixture extracted with EtOAc (2 x 10 mL). The 
combined organic layers were washed with saturated aqueous NaaCO^ dried (Na^SO*) 
and the solvent removed in vacuo. The residue was purified by column chromatography 
using dichlorome than e-me thanol (98;2 - 94:6) as eluant to separate the pure product (25 

15 mg). 

1 H-n.m.r. (CDCI3) 81 .62 (d, 3H, J = 6.8H*, CH 3 ), 5.01 -5.13 (m, 1 H, CH), 5.38 <d, 1H, /= 
6.4Hz, NH), 5.78 (dd, 1H, /= 9.8, 2.0Hz, CH), 6.24-6.52 (m, 2H, 2 x CH), 7.29-7.44 (m, 6H, 
ArH), 7.70 r 7.74 (m, 2H, Ar-H), 7.82 (s, 1H, pyraz-H), 8.11 (s, 1H, pyraz-H), 8.33 (s, 1H, 
benzimid-H), 8.42 (s, 1H, CONH). 

20 Example 20 
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To a stirred solution of M6-(tcrt^butylam^ (22 
nig; 0.08 mmol) in anhydrous cUchloromethane (2mL) under N 2 was added rxiethylarrune 
(33 uL, 0.24 mmol), EDACHQ (22 mg, 0.12 2xunol),>(l-pyirolidino)pyHdinc (cat.) and 
acrylic acid (8 \iL, 0.12 mmol). The resulting mixture then stirred at RT for 3 days and was 
5 the diluted with H 2 0 (10 mL), the organic phase separated and the aqueous phase 

extracted with CH 2 C1 2 (10 mL). The combined organic layers were dried (Ma 2 S0 4 ) and the 
solvent removed iff vacuo. The residue was purified by column chromatography using 
dlchloromethane-methanol (98:2 - 93:7) as eluant to separate the pure product (10 mg). 

*H-n.m.r. (CDCI3) 8130 (s, 9H, CH 3 ), 4.89 (br s, 1H, NH), 5.77 (dd, lH,/= 10.0, 2.0Hz, CH), 
10 6.24-6.51 (m, 2H, 2 x CH), 705 (dd, lH,/= 84 2.0Hz, ArH), 7.76 (d, lH,/« 8.8Hz, Ar-H), 
7.83 (s, 1H, pyraz-H), 7.88 (br s, 1H, CONH), 8.13 (3, 1H, pyraz-H), 832 (3, 1H, benrfmid- 
H), 8.56 (s, 1H, ArH). 

Example 21 



15 




* * 

To a stirred solution of HMtert-butyIanuno)pyraz^^ (20 
nig, 0.08 mmol) in anhydrous dichloromethane (2 mL) under N 2 was added triethylamine 
(33 uL, 0.24 mmol), EDACHQ (22 mg, 0.12 mmol), 4^1-pyrro1ldmo)pyridine (cat.) and 
acrylic acid (8 uL, 0.12 mmol). The resulting mixture then stirred at RT for 3 days and was 
20 the diluted with H 2 0 (10 mL), the organic phase separated and the aqueous phase 

extracted with CH 7 C1 2 (10 mL). The combined organic layers were dried (Na 2 S0 4 ) and the 
solvent removed vacuo. The residue was purified by column chromatography using 
dicWoromethane-mcthanol (982 - 92:8) as eluant to separate the pure product (10 mg). 

l H-amx(CDa.) 5132 (s, 9H, CH 3 ), 4.87 (br 9, 1H, NH), 5.77 (dd, lH,/= 9.8, 2.0Hz, CH), 
25 631 (dd, lH,/= 16.6, 9.8Hz, =CH(H)), 6.48 (dd, tH,/~ 16.6, 2.0Hz, =CH(H)), 7.73-7.81 (m, 
2H, pyraz-H + ArH), 7.89 (d, lH,/= 8.8H*, ArH), 8.01 (s, 1H, ArH), 8.10 (s, 1H, pyraz-H), 
8.55 (s, 1H, benzimid-H). 
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o 



Following a procedure identical to Example 21 however using mcthacrylic acid in place of 
5 acrylic acid, 1- [6-(ter t-butylaxnin o)pyra zin-2-y 1 J-lH-b enzimid azol-5-amino (57 mg) 
afforded N-^l-[6-(tert-butylarnino) pyra^tn-2-yl}-lH-benzimidazol-6-y1}-2- 
merhylacrylamidc (54mg). 

'H-nm.r. (CDQ,+ d4-MeOD) 51.43 (s, 9H, Clh), 2.00 (br s, 3H, CHs), 5.42 (bT s, 1H, 
=CH(H)), 5.77 (bra, 1H, -CH(H)), 7.32 (dd, lH,/= 8.2/2.0 Hz, ArH), 7.67 (d, lH,/~ 8.8 
10 Hz, A*H), 7.74 (s, 1 H, pyraz-H), 7,99 (s, 1 H, pyraz-H), 8.38 (d, 1 H, /= Z0 Hz, ArH), 8.46 (a, 
1H, benzimid-H). 

Example 23 



15 To a stirred solution of the chloropyrazme (100 mg, 0.40 mmot) in toluene (2 mL) was 
added <7-toiuidinc (0.1 mL, 0.93 rrtmol), Pd[P(ABu)J 2 (10 mg) and sodium /-butoxide (58 
mg, 0.6 mmol). The solution was heated at 80° overnight and upon cooling to RT was 
diluted with EtOAc (20 mL). The organic layer was collected and the aqueous layer 
extracted with EtOAc (20 mL) and the combined organic layers washed with water, brine, 

20 and dried (Na^SO^). "Removal of the solvent tinder reduced pressure gave an oily residue 
which was chromatographed using CH2C!2-MeOH (98:2 -> 94:6) to separate the desired 
product as a pale yellow oil (52 mg, 41%). 
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'H-n.m.r. (CDCfe) 6234 (s, 3H, 0*0,3.70 (s, 2H, NHJ, 6.61 <s, 1H, NH), 6.71 (dd; lH,/= 
8.6, 2.2 Hz, ArH), 7.19-7.36 (m, 4H, ArH), 7,53-7.60 (m, 2H, ArH), 7.99 <9, 1H, pyraz-H), 
827 (s, 1H, pyraz-H), 8.36 (s, 1H, benzimid-H). 

Example 24 

yfacryfamufe 




To a birred solution of the aikyne (30 mg,p.07 mmol) in anhydrous ethanol (5 mL) was 
added IJndlar catalyst (3 mg). The mixture was then purged with hydrogen gas and 
10 stirred under H 2 at atmospheric pressure for 3h. The catalyst was removed by filtration 
through Celite® and the solvent removed /// vacuo. Flash chromatography using EtOAc- 
MeOH (9:1) separated pure product as a sticky semi-solid (13 mg, 43%). 

'H-iun-r. (CDCfe) 8130 (s, 9H, QCH*)*), 4.93 (s, 1H, NH), 6.26 (d, lH,/= 12.6Hz, OCH), 
6.82 (d, l.H,/~ 12.6Hz, C=CH), 7.14(dd, lH,/= 8.7, 2.1Hz, ArH), 725-7.29 (m, 1H, 
15 pyridine-H), 7.74 <d, lH,/= 8.7Hz, ArH), 7.82 (s, 1H, pyraz-H), 8.07 (br s, 1H, CONH), 
8.09 (s, 1H, pyraz-H), 8.13-8,16 <m, 1H, pyridine-H), 8.47 (d, lH,/= 1.8Hz, pyridine-H), 
8.50 (s, 1H, benzimid-H), 8.51-8.53 (m, 1H, pyridine-H), 8.63 (d, 1H, J = 2.1Hz, ArH). 

m/z (HI); 413 
Example 25 

20 A/Vtert-i?///^-^ 

N * N 
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Thtonyl chloride (1 mL, 13.7 mmol) was added to a suspension of the acid (315 nag, 2 
mmol) in toluene (5 mL). A drop of DMF was then added and after stirring at RT for 10 
miru the mixture was heated at reflux for Ih. The reaction was cooled to RT and toluene 
and excess thionyi chloride were removed under reduced pressure. Toluene (1 mL) was 

5 then added to the residue and this was removed under reduced pressure. This process 
was repeated, and then CHaCfc (10 mL) was added and the resulting solution cooled to 
0°C t-Butylamine ( 0.45 mL, 4.3 mmol) and trfemylarnine (LlmL, 8.0 mmol) were then 
added and the solution stirred at RT overnight. The solution was diluted with CH Z C1 2 (10 
mL) and H 2 0 (10 mL) and the organic layer collected and washed with aq. Na^COa and 

10 then dried (Na 2 SOi). The solvent was removed r/t vacua and flash chromatography of the 
- residue U9ing CH 2 Cl 2 -MeOH (95:5) separated the pure product as an oil (290 mg, .68 %). 

'H-n.m.r. (CDC1*) 61,49 (s, 9H, C(CH,) 3 ), 7.48 <br s, 1H, NH), 8.72 (s, 1H, pyra/.-H), 9.27 ( B , 
1H, pyraz-H). 

/r//*(El):413(M*). 

35 Example 26 

/-rf^arfd^orj^^ and J-(6'-txe£'ioxypyrrdm-3-'yl)'6- 




A mixture of 5-nitrobenzirnidazole (650 mg, 4 mmol), 2-methoxy-5-pyridyl boronic add 
20 (420 mg, 2.6 mmol)/ copper (II) acetate (L09 g, 6 mmol) and powdered 4A sieves was 

stirred vigorously in CH 2 Cl 2 (40 mL) containing pyridine (0.65 mL) was stirred in the air 
over 3 days. The mixture was then filtered through Celite* 9 and the filter pad washed 
with CH 2 Cl2-MeOH (4:1). The filtrate and washings were combined, concentrated in 
vacuo and the residue chromatographed using CH 2 Cl2-MeOH (100:0 -> 95:5) to separate 
25 the product (as a 1:1 mixture of regiomers) as a white solid (272 rr*g, 37 %). 

u//z(ET)'.270QsA*). 
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Example 27 

^w^/l^to^y^ and 2J6-met/ioxypi/rMift-3-yIJ-]H~ 




5 The mixture of regioisomers derived from Example 26 (270 mg, 1 mmol) was 

hydrogenated following the procedure outlined in Example 10. The crude product was 
chromatographed eluring with CH 2 Cli-MeOH (98:2 -> 95:5) to separate the 6-isomer (54 
rng)'from the less polar fractions and the 5-isomcr from the polar fractions. (122 mg). 

6-isomer: 

10 'H-n.m.r. (CDCfe) 8 3.88 (br *, 2H, NH 2 ), 4.01 ( S/ 3H, 00*0, 6.64 (d, lH,/= 2.1Hz, 

feenzirnid-rl), 6.72 (dd, lH,/~ 8.7, 2.1Hz, benzimid-H), 6.92 (d, lH,/= 9.0IJz, btmzurud- 
H), 7.61-7.68 (m, 21 T, pyr~H), 7.82 (s, 1H, ben*irmd-H}, 8.30 (d, lH,/= 2.7H*, pyr-H). 

5-isomen 

1 H-n.m.r. (CDCla) 53.11 (br s, 2H, NHO; 4.01 (s, 3H, OCH,), 6.75 (dd, 1H,/= 8.4, 2.1Hz, 
15 bcnzimid-H), 6.92 (d, 1H, /= 8.7Hz, bcnzinrid-H), 7.15 (d, lH,/= 2.1Hz, berurimid-H), 7.18 
(d, lH,/=* 8.7Hz, pyr-H), 7.68 (dd, lH,/= 8.7, 2.7Hz, pyr-H), 7.91 (s, 1H, benzimid-H), 
831 (d, 1H, /= 2.7Hz, pyr-H). 



20 
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Example 28 

and 7-(5-f?romopyriJitt^3-yl)-1H- 



N 




5 A solution of 3,5-dibromopyridine (237$, 10 rnmol), 5-ammobenzirnid azole (l*60g, 12 
mmol) and caesium carbonate (4.9g, 15 mmol) in DMSO (10 mL) was heated at 150* for 
IKh. Upon cooling to RT the solution was diluted with CHCV? (40 mL) and filtered 
through Celite* and the filtrate concentrated in vacuo. . the residue was chromatographed 
(pxe-adsorption to silica) eluting with EtOAc-MeOH (100:0 95:5) to separate, from the 

10 less polar fractions, the 6-isomer, and from the more polar fraction* the 5-isomer. 

6-jsomer: 

^-n.m.r. (CDCU) 8 3.82 (br s, 2H, NTH*), 675-6.78 (m, 2H), 7.64 (d, 1H, /= 9.0Hz, 
benzlmid-H), 7.89 (s, 1H), 8.01 (dd, lH,/= 2.1Hz, pyr-H), 8.75 (br », 2H). 

5-isomer: 

15 x H-n.m.r. (CDCU) 53.74 (br s, 2H, NHa), 6.79 (dd, lH,/= 8.7, 2.1Hz, benzfmid-H), 7.15 (d, 
lH,/*= 2.1Hz, benzimid-H), 731 (d\, lR,/~ 8.7Hz,benzimid-H), 7.99 (s, 1H, bcnzurud-H), 
8.01 (dd, lH,/= 2.1, 2.1Hz, pyr-H), 8.74-8.77 (m, 2H, pyr-H). 

Example 29 

20 benzimia'azo/-5-4Mmc 
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Using identical procedures to those outlined in Example 28, reaction of 2,6- 
dibromdpyridme with 5-aminobenzimidazole and caesium caibonate in DMSO at 150" 
afforded the two regiotsomeric products which were separated by chromatography. 

6-isomeT: 

5 ^-iun-r. (CDCI3) 5 3.83 (br s, 2H, NH 2 ), 6.75 (dd, lH/= 8.4, 2.1Hz, benzimid.-H), 7.42- 
747 (m, 3H), 7.60 (d, lH,/=* 8.4Hz), 7.71 (dd, 1H, /= 7.8Hz), 833 (s, 1H). 

5-isomer: 

^-n.m.r. (CDCI3) 86.81 (dd, lH,/«= 8.7, 2.1Hz, benzimid-H), 7.12 (d, lH,/« 8.1Hz, 
benzimid-H), 7.40-7.48 (m, 2H), 7.70 (dd, 1H,/= 7.8, 7.8Hz, pyr-H), 7.89 (d, lH,/= 8.7Hz, 
10 bcnzlmid-H), 8.46 (s, 1H). 
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■ 

The following compounds were prepared using analogous procedures to those 
described above: 



ft 

Compound 


* 

Structure 


Data 


N-t 1 -(6-Ch loropyr azin-2-y])- 

lH-ber\zimidazqf-6- 

y]]acrylamide 


U NH 

r 


J H-run.r. (CDCi 3 ) 55.82 (dd, 
1H,/=9.8, 1.8Hz, =CH), 6.24- 
6.54 (m, 2H, =OI*), 733 (dd, 
tH,/= 8.8, 1.8Hz, ArH), 7.60 
(br s, 1H, CONH), 7.80 (d, 1H, 

/ » o.£rlz, Alrl) A o5o (S^ 2x1, 

pyraz-H), 8.73 (br 9, 1H, ArH), 
8.94 (br s, 1H, ArH). 


N-|l-l6-(4-Mcithyipiperaztn-l- 
yl)pyrazln-2-yll~lH- 
benzimidazol-6-yl Jacrylamide 

■ 


NH 

• 


1 H-n.m.r. (CDCb) 62.34 (s, 3H, 
NCH 3 ), 2.55 (t, 4H, J** 5.1Hz, 
CHa), 3.74 (t, 4H, /~ 5.1Hz, 
CH*>, 5.72 (dd, 1H,/ ■* 9.0, 
2.6Hz, CH), 6.25-6.48 (m, 211, 
=CH2), 7. J 4 (dd, 1H,/= 8.4, 
2.2H*, ArH), 7.68 (d, lH r /= 
8.6Hz, ArH), 8.04 (s, 1H, 
pyraz-H), 8,13 (s, 1H, pynui- 
H), 8.38 (br a, 1H, CONH), 8.46 
(r, 1H, ArH), 8.88 (br s, 1H, 
ArH). 


N-(l-[6- 

(Diethyl amino)pyra7,in-2-y)}- 

lH-benzimidazol-6- 

yljacrylamide 

■ 

- 


NH 

5 


l H-n.m.r. (CDC) 3 ) 51.24 (d, 6H, 
/= 7.0Hz, CH 3 ), 3.60 (q, 4H, /= 
7.1Hz, CHJ, 5,72 (dd, lH,/= 
9.0, 2.7Hz, -CH), 6.25-6.49 (m, 
2H, ^CH*), 7.20 (dd, lH,/<= 
8.9,* 2.0Hz, ArH), 7.71 (d, 1H,/ 
= 8.4Hz, ArH), 7.91 (a, 1H, 
pyraz-H), 8.07 (s, 1H, pyraz- 
H), 833 (br s, 1H, CONH), 849 
(a, 1H, ArH), 8.76 (br s, 1H, 
ArH). 
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(MetViylamino)pyra^-2-y1]- 
lH4?erucimictozoi-6~ 

yl/acryfamJde 




1 H-n.m.r. (CDCl 3 ) 53.11 (d, 3H, 

5.0Hz, CH 3 ), 4.9 (br a, 1H, 
NH), 5.78 (dd,tti,/=93, 
2.2Hz, =01), 6.23-6.51 (m, 2H, 
-O-It), 7,15 (dd, lH,/= 8.4, 
22Hz, ArH), 7.63 (br », Hi, 
CONH), 7.76 (d, lH,/= 8.6Hz, 
ArH), 7.86 (as, 1H, pyraz-ri), 
8.13 (s, 1H, pyraz-H), 833 (s, 
1H, ArH), 8.90 (s, 1H, ArH). 


N-fH6^EthyIamino)pyra*in- 
2-y !MH-bcnzimidazo>-6- 
yilacrylamide 

™ * 


• 


^n-mj. (CDCl 3 /d 4 -MeOD) 
51.25 (t 3H,/= 73Hz, CIl^), 
3.42 (<fr 2H,/= 73Hz, CH 2 >, 
5.68 (dd, 1H, /= 7.8, 4.6Hz, 
=CH), 6*22-6 42 . 9 H -rm 
7.24 (dd, 1H, /= 8.6, 2.2Hz, 
ArH), 7.63 (d, lH,/= 8*Hs, 
ArH), 7.73 (s, 1H, pyraz-H) r 
7.97 (a, 1H, pyraz-H), 8.44 (s, 
1H, ArH), 8.73 (br s, 1H, ArH). 


N-H-(6-piperidii\-l- 
Ylp r YTa^irv-2-vl V1H- 

ben zinudazol-6-yfIacry1;srnide 

• 

• 


NH 


M/zQBX) 348 (JVT) 


N-[l -(6-uiorphotin-4- 

ylpyrazin-2-yl)-lH- 

ben* imidazol-6-y l]acrylami de 


NH 

"? 


////z (Ft) 350 (M*) 

• * 



* 
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ylpyrazin-2~yl)-lH- 
tx^izimidazol-6-y1]actylamide 

• 


N 

N \ 

NH 


hi/ z oot ^ivi j i 

1 


JVJ fi Til 

(dimethylamino)pyrazin-2~ 
yl]-lH-benzimidazol-6- 
y\}ACrylanude - 


M NH 




N-(l-{6- 

ri5opropyl<methyl)amtnolpyr 

azin-2-yl)-lH-beiuimicia2ol- 

6-yl)acryIamide 


. i rV. 

NH 

5 


(EI) 336 (M*) J 


N-tw*- 

(Teopropy1amino)pytaziiv2- 
yl J-lH-bcnzimid3zol-6- 
yllacrylamide 


N » 

NH 


l H-n.m.T. (CDCIrO 51.32 (d, 6H. 
/= 6.2Hz, CH3), 4.13-*-29 (nv 
1H, CH), 4.75 (d, lH,/« 7-BHz, 
NH), 5.78 (dd, 1H, /= 9.8, 
2.0Kz, =CH), 6.22-6.51 (in, 2H, 
=CHz), 7.19 (dd, lH,/~ 8.6, 
2.2Hz, ArH), 7.62 (br s, 1H, 
CONK), 7.76 (d, 1ft 8.8Hz, 
ArH), 7.82 (s, 1H, pyroz-H), 
8.13 (s, 1H, pyraz-H), 8.50 (s, 
1H, ArH), 8.74 (far s, 1H, ArH). 


N-f 1 -(6-11(1 gi- 
llie tl^ylpropy l]amino}pyra2iTi- 
2-y])-lM-bei\zunldazol-6- 
yl]acrylamidc 


NH 

. °5 


'! 1-n.m.r. (CDQ.0 60.99 <t, 3H, 
/:= 7.2Hz, CH 3 ), 1.27 (d, 3H,/= 
6.41 iz, CH a ), 133-1 .73 (m, 2H, 
CH a ), 3.95-4.09 (id, 1H, CH), 
4.79 (d, 1H,/ « S.OHr., NH), 
5.76 (dd, lH,/~ 9.6, 2.0Hz, 
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> 


I =<_ri), 6J23-6.50 (m, 2H, -CH*), 
7.21 (dd, 1H,/= 8.6, 2^Hr, 
ArH), 7.74 (d, lH,/= 8.8Hz, 
Aril), 7.82 (s, 1H, pyraz-H), 
7_84 (br s, 1H, CONH), 8.1 1 (&, 
1H, pyraz-H), 8.49 (s, 1H, 

j ArH), 8.73 (br s. 111, ArH). 


1 rneihy]pn>pyljamincjpyraztn- 
j 2-yl)-lH-benziwiidazol-6- 
I yljrtciylaniidc 


NH 


x H-n„ikr. (CDCk) 80.99 (t, 3H, 
J « 7.2Hz, CH>), 137 (d, 3H, /= 
6.4Hz, Cl-ia), 1.53-1.73 (m, 2H» 
CHz), 3.954.08 (m, 1H, CH), 
4.81 (d, Ut/= 8.0Hz, NH), 
5.73 (dd, lit /= 9.6, 2.0H*, 
=CH), 6.23-6.50 (m, 2H, ^CHj), 
7.22 (dd, lH,/=* 8.6, 2.2Hz, 
ArH), 7.73 (d. 11-1, /= 8.8Hz, 
ArH), 7,81 (s, 1H, pyraz-H), 
7.98 (br s, 1H, CONH), 8.10 (s, 
lH,pyra2-H), 8.49 (a, 1H, 
j ArH), 8.73 Cbr 3, 1H, ArH). 


lSI-fl-(6-Anilinopyrazin-2-yl). 
j lH-benzimktozol-6- 
yllaerylamidc 

I 

1 * 


NH 


l H-run.r. (CDCl 3 +d4-MeOO) 
85.79 (dd, 1H,/* 9.0, 3.0Hz, 
-CH), 6.40 (1H, d,/= 9.0Hz, 
=CH(H)), 6.43 (1H, d, /a 
3.0Hz, =CH(H)), 7.11-7.18 (m, 
1H, ArH), 7.30-7.44 (m, 3H, 
r> *- L V' ' »w>o (rn, /n, /Vrrl^, 
7.75 (d, tH, /= 8.8Hz, ArH), 
8-20 (s, 1 H, pytaz-H), 8.27 (», 
1H, pyraz-U), 8.56 (a, 1H, 
ArH), 8.79 (br s, 1H, ArH). 


J N-[l-(6-Phenylpyrdzln-2-yl)- 
I lH-benzimidazo!-&- 
I yljacrylamide 


NH 

°^ j 


2 H-n.m.r. (CDCfe) 85.70 (dd, 
lH,/= 8.6, 2JLHz, =CH), 6.22- 
6.46 (m, 2H, =CH 2 ), 7.29 (dd, 
lH,/~ 8.6, 1.4Hz, ArH), 7.47- 
7S7 (m, 3H, ArH), 7.68 (d, 1H, 
/= 8.8Hz, ArH), 8.12-8.16 (m, 
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fluorophenyl)pyrazLn-2-yl]- 

lH-benzimidazol-6- 

yOaerylaTnide 



N-Il-(6-Fyridin-3-ylpyrazin- 

2-yl)-lH-benziTnidazol-6- 

yllaorylamldc 




NH 

5 



N . NH 




2*i, ArH), 8.65 (s, 1H, pyraz- 
H), 8.89 (s, 1H, pyraz-H), 8.91 
(s, tH, ArH), 8,97 (s, If*, Aril). 



(ET) 393, 395 (-3:1) (M+) 



<E7) 342 (IvT) 



N-ll -(f^Ttacn-3~ylpyra*in-2- 

ylJ-lH-benzimida^ol-e-. 

yljactylamide 




*r/> (EI) 347 (M*) 



N-[H6-(lH-Fyra2:ol-4- 
yl)pyr97Jri'2-yl]*lH- 
benzirnidazoI-6-yl) acrylattdde 














} 




NH 



triinethoxyphcT»yi)pyra2in-2- 

yl]-lH-beniskrudazol-6- 

y))aixylamide 





/7//jr(B2) 431 (M') 
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bulyJamino)pyrazin-2-VlM H- 
beri7^midazol-6-yl}-l,2^5,6- ■ 
tebrohydropyridfne-3- 
carboxamide 


>nrj v 


«r/* (El) 405 (NT) 


N-(H6-(tert~ 

butylamino)pyrazir»-2-yl]-m- 

benzimidazol-6-y Ubut-2- 
enajrride 






• 

N-!H6-(tcrt- 

Butylamino)pyraziii-2-ylMH- 

benzimi'dazol-6-ylJbut T 2- 

ynamidc 

* 

* 


o 


'H-n.m.r. (CDC3 3 ) $150 (s, 9H, 
C(CH3)3), 1.98 (a, 3H, CH3), 
4.93 (a, 1H, NH), 7.20 (dd, 1H, 
J = $A, 2.0Hz, AtH), 7.76 (d, 
1 H, J « 6.8Hz, ArH), 7.83 {a, 
1H, pyraz-H), 7.95 (br s, 1H, 
CONH), 8,08 (a, 1H, pyraz-H>, 
8.44 (d, 1H, J = 2.0 Hz, AtH), 
8.49 (s, 1H, ben*imld-H). 

• 

////>(EI);348(M+). 


N-(1-(M(2- 

oie thy IphenyDatniito] py ra ztn 

-2-ylHH-benz.iTTiidazol-6- 

yl)acrylamide 

* 


NH 

' 5 


• 

*H-n.n>.r. CDQj/CD^OD 

(v/v«19/l) 5235<s,3H,Cfcy, 
5.75-5.83 (m, 1H, G=CH), 6.39- 
6.49 <m, 2H, 2 x C=CH), 7.19- 
7.34 (m, 3H, 3ArH), 7.41(dd, 
lH,/= 7.5, 1.4Hz, ArH), 
7.71 (d, 1H, /= 8.7Hz, ArH), 
7192 (a, 1H, pyraz-H), 8.25 (5, 
1H, pyTaz-H), 8.57 (a, 1H, 
benzunid-H), 8.76 (d, 1H, /= 
1.8Hz, ArH). 

nt/z(EX): 370 (M 4 ). 
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N-(l-(6-[(5-chJoro-2- 
methylphenyl)ammo]pyrazin 
-2-yI }-l H-benzinudazol-6- 
yi)acrylamidc 

■ 

< * 


✓ 

* 


l H-*.m.r. CDCU/CPaOD 

<v/v«l9/l) 5232 (s, 3H, Crfe), 
5-77-5.81(rn, 1H, C=CH), 633- 
6.49 (m, 2H. 2 x C=CH), 7.15 
(dd, lti,/= 8.1, 2.1Hz, ArH), 
7J24 (d, lH,/« 8.1Hz, ArH), 
739 (dd, lH,/= 8.7, 1.8Hz, 
ArH), 7.62 (d, 1H, /= 2.1Hz, 
ArH), 7.74 (d, 1H, /= 8.7Hz> 
ArH), 7.98 (a, 1H, pyraz-H), 
831 (s, 1H, pyraz-H), 8.53 (s, 
1H, benzimid-H), 8.77 (d, 1H,/ 
p. 1.5Hz, ArH). 

/rt/z (HI): 404, 406 (both M*). 


N : [l-l6-(tert- 

Buty1amino)pyra^in-2-yl]-lH- 
b€nzimidazoV6-yl}-3-pyridin- 
3-ylprop-2-ynamide 

• 




^■luni. COOa/CD^OD 
(v/v-19/1) 6130 <s, 9H, 
C(CH 3 )a), 734-7.42 (m, 21% 
ArH + pyridme-H), 7.76 (d, 
lH,/= 8.7Hz, ArH), 7.82 (s, 
JH, pyraz-H), 7.90-7.94 (m, 1H, 
pyridine-H), 8.04 (s. 1H, pyroz- 
H), 8.48 <d. 111,/= 2.1Hz, 
ArH), 8.49 (s, 1H, bcnzimid- 
H), $32-8.61 (m, 1H, pyndinc- 
H), 8.76-8.77 (m, 1H, pyridinc- 
H). 

fff/z (EI); 411 (AT)- 


N~(l-l6-[(2<hloro-6- 
methytphenyl)amino]pyTazln 
-2-y ) )-lri-benzimidazol-6- 
yl)acry1amide 




l H-n.m.r. CDQ,/CD 3 OD 

(v/v-19/1) $23* (s, 3H, CK*), 
5.75-5.79 (m, 1 H, C=CH), 632- 
6.45 (m, 2H, 2 x OCH), 7.18. 
7.26 (m, 2H, 2ArH), 736-739 
(m, 2H, 2 ArH), 7.63 (a, 1H, 
pyraz-H), 7.69 (d, !H,/= 
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8.7Hz, ArH), 8.27 <s, ltf , 
pyraz-H), 8.49 (s, tH, 
benzimid-H), 8.69 (br s, 1H, 
ArH). 

m/z (EI): 404, 406 (both M*). 


• 

N-(l-[6-L(3-methylpyjrfdin--2- 
yl)aminolpyrazin-2-yl)-J H- 
bert2lmidazol-6-yi)aciylaTnlde 

• 

• 

• * » ■ 

• 

t 


1 


l H-n.m.r. CDC I3/CD3OD 
(v/v=19/l) 62.44 (s, 3H, CH 3 ), 
5.75-5.79 (m, 1H, C=CH), 636- 
6.48 (m, 2H,2x C=CH), 6.97- 
7.01 (to, 1H, pyridine-H)/ 737 
(dd. lH,/= 8.7, 2.1Hz, ArH), 
739-737 (ip, lli,pyridine-H), 
7.73 (d, 1H, /« 8.4H*, ArH), 
8.22-8.24 (m, 1H, pyrfdine-F), 
8-47 (s, 1H, pyraz-H), 8.58(8, 
tH, pyra^H), 8.90(d, lrt 
1.5Hz, ArH), 9.44 (s, 1H, 
bexizimd~H). 

/tf/ar (fil): 371 (M*). 


>* 

M-(l-{6-£(3-mcthyipyridin-2- j 
yl)amino]pyra7.in-2-y])-l H- 

benzimida2oW-yi)but:-2- 
ynaaude 

* 1 


NH 

< 

O 


1 H-rum.r. CDQj/CD^OD 
<v/v*=4/l) 62.03 (3, 9H, 
' QCH,)*), 2.42 (s, 3H, CHj), 
6.96-7.00 (m, 1H, pyridine-H), 
734<d, lH,/= 8.1Hz, ArH), 
7.54-7.56 (in, 1H, pyrid ine-H), 
7.69-7.72 (m, 1H, pyridmtvH), 
8.22-8.24 (m, 1M, pyrfdi n*-H), 
8.45 (6, 1H, pyraz-H), 8.58 (s, 
1H, pyraz-H), 8.69 (br 6, 1H, 
ArH), 9.45 (s, 1H, benzimid- 
H). 

</*/z(Ei): 383 (M 4 ). 



■ 
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N-(H6-[(2-chloro-6~ 
methylphenyl)amino]pyrazln 
-2-yl)-m4>enzitnidazol-6- 
yl)but-2-ynamide 

• 

* 


NH 
0 

■ 


'H-n.m.r. (CDCI 3 ) 62.08 (s, 3H, 
CH3), 234 (s, 3H, CHi). 637 (s, 
1H, NH), 730-732 (m, 2H, 
2ArH), 7.42-732 (m, 3H, 
3ArH), 7.75 (d, 1H, /= 8.7Hz, 
ArH), 7.84 (9, lH, pyraz-H), 
8.06 (br s, 1H, CONH), 835 (3, 
1H, pyraz-H), 8.48 (s, 1H, 
benzlmld-H). 

(El): 416, 418 (both M*)- 


(2j£)-N-(H6-(/W* 

Butvlaaii f\oYovra&ln-2-v1 1-1 H- 

benzimidazol-6-yl)-3-pyrfdin- 

3-ylacryJamide 

• 

* 

■ 


>r \ y 

/ NH 


1 H-n.m.r. (CDCla) 5131 (3, 9H, 
C(CH 3 ) 3 ), 4.81 (s, 1H, NH), 6.66 
(d, lH,/= 15.6Hz, C=*CH), 
7.24-733(nv 2H, ArH + 
pyridine-H), 7.75 (d, 1H, /= 
15.6Hz, C=CH), 7.78-7.81 (m, 
3H, 2ArH + CONH), 7.83 (g, 
111, pyraz-H), 8.15 (s, 1H, 
pyraz-H), 8.52 (s, 1H, 
benzuriid-H), 8.58-8.60 (m, 2H, 
2 x pyridinc-H), 8.79 (br s, HI, 
ArH), 

m/z (El): 413 (M 4 ). 


/V-(M<H(23- 

d ichlorophcny l)amino]pyrazi 

n-2-yiHH-bcnzimidazoJ-6- 

yf)acryiamidc 

• 


(ylxy^ 

CI O^/ 

7 


1 H^n.m.r. CDCVCD.iOD 
(v/v=9/l): 5.75-5.79 (m, 1H, 
C=CH), 634-6.46 (m, 2H, 2 x 
C=CH), 7.24-7.26 (m, 2H, 
2 ArH), 7.28-7.38 (m, 1H, ArH), 
7.72 (d, lH,/= 8.7Hz, ArH), 
7.96-7.99 (rn, 1H, ArH), 8.20 (s, 
3H, pyraz-H), 8.40 1H, 
pyraz-H), 832 (s, 1H, 
benzimid-H), 8.72 (br s, 1H, 
ArH). 

m/z (EI): 424, 426, 428 (all M 4 ). 
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dichlorophenyl)amlno]pyrazi 

n-2-y3HH-benzirritdazol-6- 

yl)acrylarnide 

• 




.H-Tum.r. CDC^/CDjOD 
(v/v-9/1): 5.75-3.79 (m, IK 
C=CH), 6.40-6.48 (in, 2H, 2 x 
C=CH), 7.06 (dd, 111,/= 8.7, 
2.4Hz, ArH), 7.39-7.45 (m, 2H, 
2AtH), 7.73 (d, tH,/=* 8.7Hz, 
ArH), 8.21 (d, lH,/= 2.4Hz, 
ArH), 830 (s, 1 H, pyraz-H), 
8.44 (a, IK Pyraz-H), 8.60 (a, 
1H, benziiiud-H), 8.71 (br $, 
IK ArH). 

(El): 424, 426, 428 (all M*). 


butvlammi>)DVra7.irt-2-vll-l H- 

benzjmida^ol-6-y))-3-pyridir»- 
3-ylprop-2-yaaipide 

• 

* • 
• 


h r \ 

NH 

* 


^-n.m.r. CDCWCPiOD 
(v/v=19/1): 233 (s, 3H, CH a ), 
7.24-7.29 (m, 2H, 2ArH), 736- 
7.42 (m, 2H, ArH +pyridinc- 
H), 751 (dd, 1H,/~ 8.7, 1.8Hz, 
ArH), 7.73-7.75 (m, 2H, ArH + 
pyraz-H), 7.91-7.95 (m, 1H, 
pyrkUne-H), 8.29 (s,lH, 
pyraa-H), 8.43 (br s, 1H, ArH), 
8-50 (s, 1H, benzimid-H), 8.62- 
8.64 (av IK pyridine-H), 8.80 
(d, lH,/= 1.5Hz, pyridinc-H). 

m/z (El); 479, 481 (both M*). 


6-f 6-(Acry loylamin o)-lH- 
benzimidazoH-ylj-N-Ctert- 
butyl) pyrazine-2- 
carboxamide 


4 NH 

°7 


*H-n.in.r. CDCU8156 (&, 9H, 
C(CH 3 )3), 5.76 (dd, 1H, /~ 93, 
1.7Hz, C=CH), 631 (dd, 1H,/ 
- 16.9, 9.5Hz, C=CH), 6.48 (dd, 
lH,/= 16.9, l.8Hz, 0=CH), 
7.09 (dd,lH,/^ 8.9,1.9Hz, 
ArH), 7.62 (br s, 1H, CONH), 
7:76-7.80 (m, 2K 2Arli), 8.51 
(s, 1H, py raz-H), 9.10 (brs, 2H/ 
pyraz-H + CONH), 938 (», 1H, 
benzimid-H). 



WO 2005/066156 



PCT/AU2005/000022 



5« 







a//2'(EI):364(M + ). 


6-[6-(Acryloyiam\no)-lH- 

benzimidazul-1-yIJ-N- 

iaopropyIpyrazino-2- 

carboxnTTiide 


N NH 


CDCI^/CC^OD (v/v=9/l): 
1.42 (d, 6H, 2 x CHa), 4.42 (m, 
1H, CH), 5.75-5.81 (m, 1H, 
C=CH), 6.35-632 (m, 2H, 2 x 
C=CH), 7.22 (dd, 1H, /= 9.0, 
2.4Hz, ArH), 7.75 (d, 1H, /= 
H.8Hz, ArH), 8,77 (s, IK, 
pyraz-H), 9.25 (a, 1H, pyTaz- 
11), 9.34 (e», Ul, benzimid-H), 
939 (br s, 1H, ArH). 

m/z (EI): 350 (M*). 


6-[6-(AcryIoylamino)-lH* 
Denzixn ia azor* i -y ■ j -in^im- 
dlmcthylpyrazine-2- 
carbcxaTiude 


^ JJ M Ml 

o 


l H-n.m.r. CDOa 5 3-23 (s, 6H, 
NCCHnij), 5.79 (dd, 1H, /= 93, 
2.3Hz, C=CH), 633 (dd, 1H,/ 
3 16.9, 9.5H?>, C.=CH), 6.47 (dd, 
1H,/= 16.9, 2.1 Hz, C=CH), 
7.22 (dd, lH,/« 8-6, 2.2Hz, 
Aril), 7.72 (d, 111,/= 8.6Hz, 
ArH), 8.05 (br a, 1H, CONH), 
8.52 (s, 1H, pyraz-H), 8.75 (s, 
1H, CONH), 8.87 (s, 1H, 
pyraz-H), 9.02 < 3 , 1H, 

m/z (HI): 336 (NT). 


6-[6-<But-2-yTJoylaauno)-lti- 
benzimidazol-l-y]]-N,N- 
dimethylpyr3ziTie-2- 
carboxamidc 

* 


o 


l ii-run.r. CDCl 3 5 2.04 (3. 311, 
CH 3 ), 3.24, 3.26 (each s, 3H, 
NCH3), 7,16 (dd, 1H, /= 8.8, 
1.8Hz, ArH), 7.75 (br s, 1H, 
CONH), 7.80 <d, 3H, /= 8.8Hz, 
ArH), 8.54 (s r 1H, pyraz-H), 
8.74 (d, 1H, /= 1 .8Hz, ArH), 
8.91 (s, 1H, pyraz-H), 9.03 (5, 
1H, bcnzimid-H). 
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m/z (El): 348 (M*). 


N-{l-(6-methoxypyridij>-3- 
yl )-lH-beiizirnidazol-6- 
yljacrylamide 

• 


MeO N v 

V" 

O 

* 

• 


l H-n.m,r. (CDClj) 64.01 (s, 3H, 
OCH 3 ), 5.74 (dd, lH,/= 9.9, 
1.8Hz, CM2H), 6.29 (dd, 1H,/ 
= 16.8, 9.9Hz, C=CH), 6.43 (dd, 
lH,/= 16.8, 1.8 Hz, OCH), 
6.91 (d, !H,/= 8.4H*, pyr-H), 
741 (dd, 1H, /= 8.7, 2.1Hz, 
bcnzimid-H), 7.70 (dd, 1H, /= 
8.7, 2.7Hz, pyr-H), 7.74 \d, 1H, 
/= 8.4Hz, benztatd-H), 7.99 (s, 
1H. benzimid-H), 8-07 (br 6, 
1H, CONH), 8.26 (br », 1H, 
bcnzirnid-H), 830 (d, 1H, /= 
2.1Hz, pyr-H). 

m/z (EI): 294 (M*). 


N-[l-(6-inethoxypyj*Jdin-5- 
y i)-lH-ben zimidazol-6- 
ylJbut-2-ynamide 

• 


O 


^-n.m.r. (CDCI3) 81.96 (s,311, 

CHa), 4.01 (», 3H, OCH 3 ), 6.92 
<d, 1H,/~ 8.7Hz, pyr-H), 7.12 
(dd,lH,/-* 8.7,1.8Hz, 
tenzimid-H), 7.69 (dd, 1H, /= 
8.7, 2.7Hz, pyr-H), 7.76 (d, 1H, 
/= 8.7Hz, benzlrold-H), 7.99 (s, 
1H, benzimid-H), 8.04-8.05 (m, 
2H CONH + ben zimid-HS 
8.30 (d, lH,/= 2.4Hz, pyr-H). 

w/^ (EI): 306 (M*). 


N-(l-[6~(tert- 

buty lamino)pyra2iiv2-yt J~l H- 

be^imida*ol-6-ylf-4- 

morpholin-4-ylbut-2-ynamide 


/ — \ NH 


'HNMR (CDCI3/CD3OD, 

v/v=9/l) 61.51 (s, 9H, /-Bu), 
2.65(t,4H,/= 4.8 Hz, 2 x 
NCH2), 3.45 (a, 2H, NCH*), 
3.77(t,4H,/=4.8Hz,2x 
OCHJ, 7.33 (dd, lH,/= 8.7, 
1.8 Hz, benzimid-H), 7.75 (d, 
1H,/- 8.7 Hz, bcrwTnid-H), 
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• 




7.82 (», 1H, pyraz-H), 8.05(s, 
1H, pyraz-H), 8-45 (d, 1H, /=> 
1.8 Hz, benzimid-H), 8.52 (s, 
1H. benzimld-H). 

w/*433(M'). 


NHH<Htcrt- 

butylamino)pyrazin-2-yi]-lH- 

UCTLZLuUvl szoi-o-y 1 J— 

methylplpcrazirt-l-yl)-but-2- 
ynamide 




1 HNMR (CDCI3) 61.52 (s, 9H, 
ABu), 231 (t, 4H,/ = 5.1 Hz, 2 x 
TMCI I2), 2.78 (», NCHj), 
3.26 (t, 4H, /= 5.1 Hz, 2 x 
NCHz), 3.50 (s, 2H, NCH*), 
4,86 (3, 1H, NH), 7.24 (dd, 1H, 
/=> 8.7, 1.8 Hz, benzimid-H), 
7.78(d, lH,/= 8.7 Hz, 
benzimid-H), 7.84 (s, 1 H, 
pyraz-H), 8.11 (s, 1H, pyra*:- 
11), 8.17 (br a, 1H, CONH), 8.46 
(d, lH,/~ 1.8 Hz, bcnzurdd- 
H), 8.50 (s, 1H, benzimid-H). 

• 

m/x 446 (M*). 


burylamino)pyrazin-2-yl)-lH- 
(die thylarnino)but-2-yna*riide 

■ 

• 


* 


l HNMR (CDCI3) 61 .11 (t, 6H, / 

ABu), 2.62 ft, 4H,/~ 7.2 H*, 2 x 
NCH 2 ), 3.59 (s, 2H, NCH*), 

4.84 (a, 1H, NTH), 7.21 (dd, 1H, 
/= 8-7, 1.8 Hz, bcnzimid-H), 
7.76 (br s, 1H, CONH), 7.79 <d, 
1H,/- 8.7 Hz. bcnzhnid-H), 

7.85 (a y 1H, pyraz-H), 8.12 (s, 
1H, pyraz-H), 8.45 (d, 1H, /= 
1.8 Hz, benzimid-H), 851 (s, 
1H, bcozimid-H). 

• 

»//r419 <M+). 
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butylairiino)pyTimidin~4-yLl- 

lH-benz\midazol-6- 

yljactylamide 

• 




"H-NMRCCDQa): 68.76 (b, 1H), 
8.65 (s, 1H), 8.52 (a, 1H), 7.75 
(d,/~8.9Hz, 1H), 7.73 <b, 1H, 
amide NH), 7.15 (dd, /= 
8.6,2.0Hz, 1H), 658 (s, 1H), 
6.47 (dd, /= 169,17Hz, 1H), 
630 (dd, /= 1 6.9,9.6Hz, 1H), 
5.80 (dd,/= 9.6,1.7Hz, 1H). 
5.41 (b, 1H, NH), 132 (s, 9H) 
ppm. 

tn/z 336.3 


N-{l-[4-(tei:l- 

buty lamino)pyrimidln-2-yi]- 
1 H-benzimidazol-6- 
y1)acrylamide 

* 


o 


*H-NMR(CDCb): 58,93 (3,211), 
8.11 (d,/= 6.0Hz, 1H), 7.78 (b, 
1H. amide NH), 7.74 (d,/= 
&6Hz, 1H), 751 (bm, 1H), 6.46 
(dd,/- 16.9,1.6Hz, 1H), 6.32 
(dd,/= 16.9,10.0Hz, 1H), 6.20 
(d,/- 6.0Hz, 1H), 5.75 (dd,/- 
10.0,1 .6Hz, 1H), 5.09 (b, 1H, 
NH), 1.51 (s, 9H) ppm. 

m/z 336.1 

LC-MS: R T = 7.6mm., 


N-{l-[6-(tert- 

bulylamino) pyra zin-2-yl]-5- 

mctboxy-lH-bcnzimidazol-6- 

yljacrylamide 


NH 

• . 7 


'liNMR (CDCk) 51.53 (s, 9H; 
C(CH3) 3 ), 4.00 (s, 3H, OCH 3 ), 
4.78 (s, 1H, NH), 5.78 (dd, 1H, 
/= 9.6, 1.8Hz, C-CH), 633 (dd, 
1H,7= 16.8, 9.6Hz, C=CH), 
6.44 <dd, lH,/= 17.0, 1.8Hz, 
C=<:H), 7.35 (s, 1H, ArH), 7.83 
(s, Hi, pyraz-H), 8.09 (br s, 1H, 
CONH), 8.19 (s, 1H. pyraz-H), 
8.49 (3, 111, ArH), 9.12 (», lH, 
benzimid-H). 

m/z (El): 366 (M*). 
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rN4 ^l _ \^Dr uiiiOpyTiOui- j-y 1/- 

1 H-benziniidazol-6- 
yl]acrylnmide 


NH 


— — 

1H, /« 10.2Hz, C^CH), 6.27 
(dd, 1H, 16.8, 10.2Hz, 
C=CH), 6.45 (d, Ui,/= 16.8Hz, 
0=04), 7.16 (dd, 1H, /= 8-7, 
2.1Hz, benzimid-H), 7.52 (br s, 
1H* CQNH), 7.80 (d, 1H, / » 
8,4Hz, benzimid-H), 8.03-8X15 
(m, 2H), 830 (br s*, 1H, 
bcnzimid-H), 8.77-8.80 (m, 2H, 
1 pyr-H). 

/fl/jr 342, 344 (M*) 


N-n-(6-bromopyrldin-2-yl)- 

lH-bcjizimidazol-6- 

yljacrylamidc 


NH 

o 


////>342,344(M') 



SCREENING 
Compound Dilution 

For screening purposes/ compounds were diluted in 96 well plates at a concentration of 20 
5 uM. Plates were warmed at 37X2 for 30 minutes before assay. 

JAK Tyrosine Kinase Domain Production 

/AK kinase domains were produced in the following manner: 

/AK1 

The kinase domain of human JAK1 was amplified from U937mRN A using the polymerase 
10 chain reaction with the following primers: 

XHOI-J1 5-CCG CTC GAG ACT G AA GTG GAC CCC ACA CAT-3' 

Jl-KPNT 5'-CGG GGT ACC TTA TIT TAA AAG TCC TTC AAA-3' 



WO 2005/066156 



PCT/AU2005/000022 



' 63 

JAK1 PCR products were cloned into the pFastBac HTb expression vector (Gibco) via the 
Xho 1 and Kpn I sites. The JAK1 plasmid was then transformed into competent DHlOBac 
cells (Gibco), and the recombinant baculovirus produced prepared for transfecrion into 
Sf9 insect cells. 

5 JAK2 

The kinase domain of humanJAK2 was amplified from U937mRNA using the polymerase 
chain reaction with the following primers: 

SALI-jk2 5'-ACG CGT CGA CGG TGC CTT TGA AGA CCG GG A T-3' 

jk2-NOTT 5'-ATA GTT TAG CGG CCG CTC AGA ATG A AG GTC AIT T-3' 

10 JAK2 PCR products were cloned into the pFastBac HTc expression vector (Gibco) via the 
Sal T and Not 1 sites. The JAK2 plasmid was then transformed into competent DHlOBac 
ccll9 (Gibco), and the recombinant baculovirus produced prepared for transfection into 
Sf9 insect celts. 

JAK3 

15 The kinase domain of humanJAK3 was amplified from U937mRNA using the polymerase 
chain reaction with the following primers: 

XHOI-J3 5'-CCC CTC GAG TAT GCC TGC CAA GAC CCC ACG-3' 
J3-KPMI 5'~CGG GGT ACC CTA TGA AAA GGA CAG GGA GTG-3' 

JAK3 PCR products were cloned into the pFastBac HTb expression vector (Gibco) via the 
20 Xho 1 and Kpn 1 sites. The JAK3 plasmid was then transformed into competent DHlOBac 
cells (Gibco), and the recombinant baculovirus produced prepared for transfection into 
Sf9 insect cells. 

TYK2 

The kinase domain of humanTYK2 was amplified from A549 mRNA using the 
25 polymerase chain reaction with the following primers: 

HT2EK 5'-GGA CCA CTC GAG ATG GTA GCA CAC AAC CAG GTG^' 

ITY2.2R 5'-GGA GCA GGA ATT CCG GCC CTG CCG GTC AAA TCT GG-3' 
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TYK2 PCR products were cloned into pBlueBacHis2A (Invitrogen) via the EcoRT site. The 
recombinant TYK2 bacolovlrus produced was prepared for transacted into Sf9 insect 
cells. 

Large Scale Production Of Kinase Domains 

5 Baculovtrus preparations from each of the J AK family members were infected into five 
litres of High Five cells (Invitrogen) grown in High Five serum free medium (Invitrogen) 
to a cell density of approximately 1-2 X 10 6 cells/ml. Cells are infected with virus at a 
MOI of 0.8-3.0. Cells were harvested and lyscd. JAK kinase domains were purified by 
affinity chromatography on a Probond (Invitrogen) nickel chelate affinity column, 

10 Assay Protocols 

Kinase assays were performed either in a 96 well capture-based ELISA assay or in 384 
wellOpUplates (Packard) using an Alphascreen Protein Tyrosine Kinase kit. In either 
casse using approximately 1 .5 ug of affinity purified PTK domain in the presence of 
5()mM HEPES, pH 7.5, lOmM MgCl* 150mM NaO and lOuM-lmM ATP. The 

15 biotinylated substrate biotin-ECPWLEEEEE AYGWMDF-NH* (final concentration 5uM) 
was used as substrate. In the EI .ISA assay tyrosine phosphorylation was quantitated 
following transfer to an avidin coated ELISA plate using peroxidase-linked 
anti-phospho-tyrosine antibody FY2U. In the Alphascrccn assay/ Alphascreen 
phosphotyrosine acceptor beads followed by streptavidin donor beads were added under 

20 subdued light. The ELISA plates were read on a BMG Fluorostar, the Alphascreen plates 
were read on a Packard Fusion Alpha, Inhibitors were added to the assays fifteen 
minutes prior to the addition of ATP. Inhibitors were added in aqueous DMSO, with 
DMSO concentrations never exceeding 1%. 

Results 

• • 

25 The activity of selected compounds is shown in Table 3. Compounds that exhibited a 
capacity to inhibit 50% of JAK activity at a concentration of 20|iM (measured under 
standard conditions, see Methods),, are designated as 



WO 2005/066156 



PCT/AU2005/000022 



65 
Table 3 



CHEMISTRY 


Jak2 


Jak3 


CHEMISTRY 


JaK2 


Jak3 


0 

C14H10CIN5O 




+ 


Li u /' 
Of 

o 

C22H20N8O 






+ 


o 

C17H13N60 




+ 


o 

CZ0H13C1FM5O 


.N 

> 






o 

017H13N7O 




+ 


O 

C18H20N6O 


}> 




> 

+ 


II 

<u» N. N t 

o 

C18H16N60 






H / = 

C1BH20N6O 


1 
,Nlf 




+ 


C1GH18N50 






X 

C19H22N60 




+ 


•> 

C18H20N6O 


/= N 
O 




• 

+ 


a 

C15H14N60 




+ 
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Table 3 (cont) 
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67. 

Throughout this specification the word "comprise", or variations such as "comprises 1 ' or 
"comprising", will be understood to imply the inclusion of a stated element, integer or step, 
or group of elements, integer* or steps, but not the exclusion of any other element, integer or 
step, or group of elements, integers or steps. 

5 All publications mentioned in this specification are herein incorporated by reference. Any 
discussion of documents, acts, materials, devices, articles or the like which has been included 
in the present specincation ia solely for the purpose of providing a context for the present 
invention. It is not to be taken as an admission that any or all of these mattere form part of 
the prior art base or were common general knowledge in the field relevant to the present 
10 invention as it existed in Australia or elsewhere before the priority date of each claim of this 
application. 

* 

It will be appreciated by persons skilled in the art that numerous variations and/or 
modifications may be made to the invention as shown in the specific embodiments without 
departing from the spirit or scope of the invention as broadly described. The present 
15 embodiments are, therefore, to be considered in all respects as illustrative and not restrictive. 
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